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PULMONARY 


LESIONS IN MICE EXPERIMENTALLY INFECTED 
WITH SCHISTOSOMA 


MANSONI 


AGGEU MAGALHAES FILHO 


Instituto Nacional de Endemias Rurais ‘‘Centro de Pesquisas Aggeu Magalhdes”’ 


Recife, Pernambuco, Brazil 


The present work reports the results of studies 
on the pulmonary lesions in mice which have been 
reinfected with Schistosoma mansoni. 

It has been a well known fact since the days 
of Lampe! that the schistosomulae, once in the 
blood stream, will go to the lungs where, from 
about the fourth to seventh days after infection 
they may be found in the capillaries of the pul- 
monary artery. Their sojourn in the lungs is a 
critical period in their migration. In animals in- 
fected for the first time the lung lesions are usually 
transitory but in superinfected animals the lesions 
are more severe and more durable. 

The development of resistance to reinfection 
with schistosomes has been observed by several 
authors.*: 2%. "8. 24 Olivier and Schneiderman’ 
showed that the resistance mechanism is effective 
very early while the worms are migrating to the 
lungs or immediately after they reach the lungs. 
De Meillon® reports that a light initial infection 
with S. 


in mice mansoni provides protection 


against a subsequent heavier one. Lurie & De 
Meillon” after repeated weekly infections in mice 
with S. mature 


worms as compared with 23.5% after a single 


mansoni found only 1.5% of 


infection. 

The pulmonary lesions due to schistosomes have 
been described by Fairley® in monkeys infected 
with S. hematobium. The lesions were caused by 
adult worms and ova. Koppish" studying the 
rabbits infected with S. 
mansoni describes intravascular inflammatory re 


pulmonary lesions in 
sponses against adult worms, schistosomulae and 
eggs. Kagan" reported in the lungs of monkeys 
experimentally infected with S. douthitti, inflam- 
matory lesions due to the presence of worms. 
Coelho* found in naturally infected rats, inten- 
sive lesions caused by dead parasites and pointed 
out the endarteritis which had a direct relation- 
ship to the dead worms in the arterial branches. 
Coutinho? reported in guinea pigs experimentally 
infected with S. 


characterized by necrosis which had a direct re- 


mansoni pulmonary lesions 


lationship to the dead worms in the arterial 
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branches. Coelho and Coutinho* in experimentally 
infected opossum (Didelphis p. paraguayensis) 
with S. mansoni, reported tubercle-like lesions 
around eggs in the small arteries and alveoli. 
In mice exposed by Kagan and Meranze™ to 50 
cereariae, the inflammatory response around eggs 
of S. douthitti was first found after 180 days. In 
sections from mice infected with male worms 
numerous foci of inflammatory cells were ob- 
served surrounding small blood vessels, 

The histopathology of the human pulmonary 
schistosomiasis has been described by Sorour” 
Clark & Graef!, and Shaw & Ghareeb* as pro- 
duced by schistosome eggs. They reported the 
presence of localized tubercle-like lesions intra- 
vascular or in the interstitial tissue. Gelfand® com- 
paring the presence of S. and S. 
mansoni ova in the lungs of human cases, found 
S. hematobium more frequently. Potenza®® de- 


hematobium 


scribed hypertrophy of the pulmonary vessels 


with reduction of the lumen, probably caused by 


substances produced by the parasites living in the 
portal system and discharged into the blood 
stream. 

Jaffé', studying severe cases of schistosomiasis, 
found that besides the local lesions surrounding 
there endarteritis and 
arteritis. He admitted that these arterial lesions 


the eggs, also existed 
were produced by parasite toxins elaborated in the 
portal system and carried by the blood into the 
pulmonary arteries. Lopes de Faria!® studied pul- 
monary lesions in schistosomiasis and stated the 
importance of endarteritis in the development of 
pulmonary The diffuse arterial 
lesions seem to be caused by an allergic inflamma- 
tion of the small arteries induced by the egg prod- 
ucts. 


hypertension. 


MATERIAL AND METHODS 


A group of 40 two-months-old albino mice of 
the Centro de Pesquisas Aggeu Magalhaes’ strain 
with an average weight of 18.5 g were individually 
infected (Olivier and Stirewalt’s method'), with 


approximately 100 cercariae of S. mansoni. All the 
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cercariae obtained from naturally infected snails 
were proved to be morphologically identical to 
S. mansoni, the only schistosome found in mam 
mals in Brazil. The cercariae were obtained from 
A. glabratus naturally infected and collected in 
Paulista (Pernambuco) the 
laboratory. Ninety days later 30 of the mice were 


and maintained in 
reinfected, each animal receiving approximately 
200 cercariae of the homologous parasite, using 
the same method for infection. The 10 remaining 
mice of the previous infection were kept separately 


to be used as controls. Then, another group of 20 


mice of the same strain were infected for compara- 
tive purposes, using the same dose and the same 
method of infection as was used for the experi- 
mental group. The 30 reinfected mice were then 
sacrificed in groups of three. From the 2nd to the 
10th day following the reinfection the mice were 
killed at intervals of 48 hours; from the 10th to 
the 30th day, at intervals of 5 days; and the re 
maining three were killed 40 days after reinfec 
tion 

The same spacing in time was used for the 20 
mice of the infected control group, which were 
sacrificed in groups of two. All the 10 control mice 
of the first infection were sacrificed 120 days after 
infection. Autopsies were performed in all the 
animals and a careful gross inspection made in all 
the organs, including the lungs. The tissues were 
then placed in a 10% formalin. The lungs were 
cut and the following methods of staining were 
Verhoeff-Van 


Pollack’s trichrome. The other tissues were 


used: hematoxylin-eosin, Gieson, 
and 


stored for further studies. 
RESULTS 


Control mice for first infection. All the 10 mice 
sacrificed 120 days after the primary infection 
showed adult worms of both sexes in the portal 
system. The lungs did not show any alterations 
aside from lesions produced by eggs. 

Control mice for the reinfection. Numerous 
the 


vessels of all animals sacrificed up to the 8th day 


schistosomulae were found in pulmonary 
after infection. There was also a very slight con 
gestion of the alveolar capillaries with infiltration 
of a few inflammatory cells. In the remaining 
animals, sacrificed from the 8th to the 40th day 
after infection, no lesions produced by worms were 
found in the lungs. However, adult S. mansoni 
were found in the mesenteric veins of those animals 
killed from the 20th to the 40th day after infec 


tion. 
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Reinfected mice. (Table 1) The lungs of the mice 
sacrificed on the second day after reinfection 
showed no alteration on gross examination. How- 
ever, sections from the lungs showed large areas 
of congestion and cellular infiltration by leuko- 
cytes. The small arteries and arterioles were also 
congested and the inflammatory infiltration was 
more marked around these vessels. In some sec 
tions very few schistosomulae were found in the 
capillaries and arterioles. 

The mice sacrificed on the 4th and 6th days 
after reinfection showed large areas of diffuse 
inflammatory infiltration of the pulmonary paren 
chyma. The capillaries and arterioles were sur 
rounded by inflammatory cells (polymorpho- 
leukocytes). 
schistosomulae were found alive in these vessels 


nuclear and mononuclear Some 
(Figure 1). In other sections, a few immature 
worms in the process of disintegration were also 
found (Figure 2). 

In the animals sacrificed on the Sth day after 
reinfection, the lungs showed the same diffuse 
inflammatory reaction in the parenchyma. The 
capillaries and arterioles were filled with inflam 
matory cells. Some arterioles showed a. slight 
tumefaction of the endothelial cells (Figure 3). 
Other vessels presented signs of recent thrombosis. 

The lungs of mice sacrificed on the 10th and 
15th days after reinfection, showed slight conges- 
tion and the inflammatory cells were found only 
around the blood Small 
arterioles showed inflammation of the walls charac 


vessels. arteries and 
terized by the swelling of the cytoplasm and by 
lymphocytic infiltration. Many dead schistosomu- 
lae occupied the lumen of these vessels and some 
of them were located in dilated alveolar cavities. 
Some immature worms had produced no tissue 
but others 
surrounded by an intensive perivascular accumu 


reaction, undergoing necrosis were 
lation of leukocytes and lymphocytes (Figure 4). 

Some arteries of the neighboring areas showed 
inflammatory infiltration of their walls and some 
fibrinoid degeneration. In this last case the peri- 
vascular infiltration was predominantly eosino 
philic (Figure 5). 

In the mice sacrificed 20 days after reinfection 
the pulmonary lesions were more restricted to the 
blood vessels. Small arteries, arterioles and capil 
laries were surrounded by cellular infiltration. In 
those vessels where immature worms were found, 
vascular infiltration by poly- 


thrombosis and 


morphonuclear and mononuclear cells were present. 
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TABLE 1 


Worm recovery from lungs in mice reinfected with Schistosoma mansoni, pulmonary lesions, 


and pathological findings 


Lesions Schistosoma mansoni 


Inflammatory 
reaction of the 


Vascular lesions 


parenchyma 


Young parasites 


l are - 
schistosomulae Adult parasites 


Elapsed 
days after 


diffuse 
challenge 


alive dead alive dead 


present absent 


The worms were usually dead and undergoing 
necrosis (Figure 6). 

The arterial and arteriolar walls which were 
embolized by dead parasites were dilated and fre- 
quently ruptured. In this case, the inflammatory 
cells and the necrotic material had infiltrated into 
the neighbouring parenchyma (Figure 7). Besides 
those lesions, apparently resulting from the process 
of worm disintegration, the arterioles and small 
arteries showed an inflammation characterized by 
a proliferation of the endothelial cells and by the 
infiltration of the subendothelial layers by lympho- 
cytes. Sometimes histiocytes caused a hypertrophy 
of the intimal layer (Figure 8). The lumina of these 
vessels were reduced in diameter and frequently 
drops of hyalin material could be found in the 
sub-intimal layer. 

The mice sacrificed on the 30th day after being 
reinfected showed, under gross examination, white 
yellowish granules on the lungs (Figure 9). Under 
microscopic examination the lesions were usually 
characterized by a diffuse intimal proliferation of 
histiocytes and fibroblasts with reduction of the 
lumen of the vessels. Some arterioles showed great 
reduction of the lumen caused by the inflammatory 
cells and some eosinophilic fibrin-like substance 
was found. Other arteries showed young parasites 
in their lumina, but no abnormality could be seen 
either in the worms or in the vessel walls. 

In the mice which were killed on the 40th day 
after reinfection, the pulmonary lesions were al- 
most the same as those of mice killed at the 30th 


localized 


Inflama Endo Fibrous 
thickening 
of the 
intima 


: Fibrinoi : 
tion of the noid thelial 
degenera- : 
endo ston prolifera- 
thelium tion 


Throm 
bosis 


day, but they were more advanced. The intimal 
proliferations of the arteries and arterioles were 
more fibrotic than in those animals killed earlier 
(Figures 10 and 11). Few living parasites were 
present in the larger arteries and they had induced 
no inflammatory reaction. Schistosome eggs were 
found in the parenchyma and these had caused a 
slight inflammatory reaction. 


DISCUSSION 


According to Fairley’, Olivier and Schneider 
man’, Vogel and Minning™ and others, there is a 
high mortality of schistosomulae when they are 
passing through the lungs. I have shown that this 
retention and destruction of parasites occurs only 
The 
disintegrating parasites surrounded by 


in reinfected animals. presence of many 
inflam 
matory cells in their arterioles seems to be some- 
thing more than mere coincidence. Since no 
parasites were ever found in the lungs of any con 
trol mice examined more than 8 days after the 
primary infection, one can conclude that they had 
found no difficulty in passing through the pul 
monary vessels. 

The pulmonary lesions in the mice killed from 
the 4th to the Sth day after reinfection were 
characterized by diffuse congestion and diffuse 
leukocytic infiltration of the capillaries, probably 
caused by an allergic phenomenon. This is sug 
gested by the fact that no inflammatory reaction 
occurred in the lungs of the control mice. 


The lungs of mice killed on the 10th day after 
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reinfection had many young parasites in the proc- 
ess of necrosis and these caused extensive end 
arteritis and periarteritis. From this stage on, until 
the 40th day following reinfection, except a few 
pseudotubercles around eggs, the main lesions were 
caused by dead or dying parasites. Besides the 
intimal reactions of the vessels that contained the 
necrotic worms, there was also a diffuse intimal 
reaction in other arteries which seems to have been 
produced by toxic products from the dead worms 
(foreign proteins?) discharged into the blood 
stream. 

Between the 30th to the 40th day after reinfee 
tion, the endarteritis and arteriolitis gave place 
to a fibrous proliferation of the intimal layer caus- 
ing a partial or total occlusion of the vascular 
lumen. From this experiment one can conclude 
that premunized mice were able to retain the 
schistosomulae in their pulmonary capillaries and 
arterioles. The death of many of these parasites 
induces a diffuse inflammatory reaction. Further 
lesions were characterized by a vascular inflamma 
tion produced by the disintegrating worms, with 
final thickening of the arterial walls and a fibrous 
proliferation of the intimal layer of the small 
arteries, 


SUMMARY 


This paper presents a study of the pulmonary 
lesions in the lungs of mice which were infected for 
a second time with Schistosoma mansoni. 

The microscopic examinations of the lungs of 
these superinfected mice were made from 48 hours 
until 40 days after reinfection. The pulmonary 
lesions found in the reinfected animals were caused 
by the disintegration of schistosomulae, followed 
by obstructive endarteritis and arteriolitis. In the 
animals sacrificed in the more advanced stages of 
infection fibrous proliferation of the intimal layer 
of the small arteries and arterioles with a con 
siderable reduction of the lumen was also observed. 
Parasites in an advanced stage of autolytic disin 
tegration were seen surrounded by an intensive 
inflammatory reaction in the arterioles and capil 
laries. 

By comparing these lesions with the lesions 


observed in the control group, we came to the 


following conclusions: 

1. There is retention of the schistosomulae in the 
pulmonary arterial vessels of the premunized 
mice. 


2. There is high mortality of these retained 
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parasites in different stages of their development, 
probably due to some unfavorable condition in 
the pulmonary circulation. 

3. The presence of the dying and dead worms 


causes the development of endarteritis and 


arteriolitis. 
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PLATE I 

Fig. 1. H.E. Section from lung of a mouse killed 4 days after reinfection. 

Fic. 2. H.E. Section from lung of a mouse killed 6 days after reinfection showing a schistosomula 
starting to disintegrate. 

Fic. 3. Verhoeff. Section from lung of a mouse killed 8 days after reinfection showing tumefaction 
of the endothelial cells and infiltration of arterial wall by inflammatory cells. 

Fig. 4. H.E. Section from lung of a mouse killed 10 days after being reinfected, showing an imma 
ture worm undergoing necrosis. 


Fig. 5. H.E. Section from lung of a mouse killed 15 days after being reinfected showing necrosis of 


arterial walls with perivascular infiltration 


Fic. 6. H.E. Section from lung of a mouse killed 20 days after being reinfected showing a dead worm. 
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PLaTE I 
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PLATE II 


Fic. 7. Verhoeff van Gieson. Section from lung showing small artery with dilated and ruptured wall. 


Fic. 8. H.E. Section from lung showing small artery with infiltration of the walls. 
Fic. 9. Gross picture of a mouse lung enlarged approximately 5 times, 40 days after reinfection. 
Fic. 10-11. H.E. Sections from lungs of mice killed 40 days after reinfection showing fibrous thicken- 
ing of arterial walls. 
Note. All photographs except Fig. 9 made with Leitz microscope with 10X ocular and 60X objective. 
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In this paper, a case is reported in which a 
laboratory worker was infected with West Nile 
virus and circumstantial evidence pointed to an 
airborne route of infection. This possibility was 
substantiated by a number of experiments in which 
various laboratory animals were infected by ex- 
posure to the virus in form of aerosols. It was thus 
proven that the virus can be transmitted in this 
way. 

Human infection acquired in the laboratory. The 
patient, a member of the laboratory staff, was 
apparently exposed to the virus under the following 
circumstances: he operated a Waring blendor con- 
taining the brains of a number of baby mice in- 
fected with West Nile virus. After putting the 
blendor into operation, the worker who stood very 
near to it realized that the top of the blendor did 
not fit properly, and it was suspected that some 
of the aerosol formed in the blendor was inhaled 
by the worker. 

Five days later, the patient complained of 
headache, fatigue, and drowsiness. On the follow- 
ing day, the general weakness increased and was 
accompanied by tremors and acute aching of the 
eyes when exposed to sunlight. A flushed face and 
a slight redness of the throat were also observed. 
The body temperature reached 39°C. No signs of 
an upper respiratory infection were detected. 

One day later, physical examination revealed 
general enlargement of the lymph nodes, especially 
in the cephalic region and a slight rash over the 
chest and abdomen which became more marked 
during the next two days. Body temperature re- 
turned to normal one week after the appearance 
of the first symptoms. Convalescence was unevent- 
ful but slow, lasting about two weeks. Some weak- 
ness was still present for another month. A tenta- 
tive diagnosis of West Nile fever based on the 
clinical manifestations described above was made 
by the physician in charge. West Nile virus anti- 
bodies in high titer (neutralization index 8000) 
were demonstrated later. 

A series of experiments in laboratory animals 
was carried out in order to test the assumption that 
infection with West Nile virus might occur by 
exposure to this virus in aerosol form. 
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MATERIALS AND METHODS 


Virus aerosols, The original strain of virus, 
isolated by Dr. N. Goldblum of this Institute from 
a human case of West Nile virus infection, was 
passaged a number of times intracerebrally in 
infant mice. Twenty percent mouse brain suspen- 
sions were prepared in physiological saline, con- 
taining 10% rabbit serum and 1000 units of penicil- 
lin/ml. These virus suspensions were dispersed 
into a chamber as aerosols by the use of a modified 
De Vilbiss Type N° 40 nebulizer which created 
a cloud containing particles of a diameter 1-5 yp. 

During the experiments, the animals inhaled 
some of the circulating air of the infection chamber 
carrying the virus aerosol. This air was sucked into 
glass impingers containing nutrient broth. The 
fluids of the impingers were titrated for virus by 
intracerebral inoculation of mice. The amount of 
air passing through the impingers was determined. 
This, together with the respiratory rate of the 
different animals! enabled us to calculate approxi- 
mately the number of mouse LD» inhaled by 
each animal during exposure. 

Animals, One rhesus monkey, six young adult 
hamsters and twelve albino mice were made to 
inhale the virus aerosol for fifteen minutes. The 
animals were kept in isolated cages. Animals 
showing signs of disease followed by death or 
developing a significant rise in neutralizing anti- 
bodies were considered as having been infected 

Neutralization Tests. Specimens of blood were 
taken immediately before exposure to the virus 
and at thereafter. Tests for 
neutralizing antibodies in the various specimens 


various intervals 
were carried out according to the technique de- 
scribed by Smadel*. The mixtures 
were incubated for one hour in a 37°C water bath 
before intracerebral inoculation into albino Swiss 


virus-serum 


mice. 

West Nile Antiserum. Antiserum was prepared 
in rabbits by three intravenous inoculations of live 
virus spread over three weeks. 

EXPERIMENTAL 

The monkey was exposed to an atmosphere 

containing West Nile virus for 15 minutes. It was 
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TABLE 1 


Results of exposure to West Nile virus in aerosol form 


Number 
exposed 


Estimated mouse 


Animal tested LD* inhaled 


V onke y 
Vice 
Group I 


1.5 X 104 


+ xX 10? 


No symptoms of disease 


2 died 


3 died 


Virus titer in 
pooled brains* 


Neutralization 
index 


Effects of exposure 


3.0-4.0 


7th day 
8th day 


1 survived. No symptoms of 


disease 


10 
108 


Group Il 6 l 
Hamsters 6 


{ X 
1.6 &X 


All moribund on 6th day 
All moribund on 6th day 


* Virus was identified by neutralization test with specific West Nile virus antiserum. 


estimated that during this period, the monkey 
inhaled about 1.5 x 10 mouse LD». From 48 
hours after exposure through the 10th day, it was 
bled daily and the serum inoculated intracere- 
brally into mice. No virus was isolated but appear- 
ance of antibodies in the monkey revealed that 
infection had taken place. Neutralizing antibodies 
could not be detected two weeks after exposure but 
were present after 47 and 75 days (neutralization 
indices of 1000 and 10,000 respectively). 

The above experiment was repeated with six 
t-week-old hamsters and two groups of six albino 
Each about 1600 
All the hamsters were moribund on 


Swiss mice. hamster inhaled 
mouse LDy . 
the sixth day after exposure. 

In the first group of exposed mice, each mouse 
inhaled 400 LDy . 
with paralysis of the hind legs and characteristic 


signs of West Nile virus infection on the sixth day 


Five of the animals came down 


after exposure; two of these died on the seventh 
day, the other three on the eighth day after expo- 
sure. One mouse survived without having shown 
any signs of disease. In the second group of exposed 
mice, each mouse inhaled about 1400 LD». All 
the animals in this group exhibited paralysis and 
were moribund on the sixth day after exposure; 
one of them actually dying in the early hours of 
that day. 

All the moribund animals, hamsters and mice 
of the second group, were sacrificed; the brains 
mortar and 
suspended in physiological saline containing 10% 


removed aseptically, ground in a 


rabbit serum. Separate pools of hamster and mouse 
brains were prepared. The presence of West Nile 
virus in these suspensions in titers of about 10-°° 
was confirmed by neutralization with specific 
These summarized in 


antiserum. findings are 


Table 1. 


DISCUSSION 


Several arthropod-borne viruses have been 
shown to cause infections in people engaged in 
laboratory work with these agents'®. Many of these 
infections such as those reported for the Vene- 
zuelan equine encephalomyelitis virus * were 
assumed to be due to inhalation of contaminated 
material. In the case of West Nile virus however, 
few laboratory acquired infections have been re- 
ported. Two persons engaged in studying this 
virus developed neutralizing antibodies without 
showing any clinical signs or symptoms attributa- 
ble to infection’. In another instance, this virus 
was isolated from the blood of a laboratory tech- 
nician*, The mode of transmission of these infec- 
tions was not known. 

It seems probable that exposure to infective 
material splashed by a Waring blendor, not prop- 
erly closed, led to the human case of probable 
West Nile fever reported in this paper. This 
hypothesis seems to be supported by the following 


observations: 1) The first clinical symptoms ap- 
peared five days after exposure to the viral aerosol, 
i.e. the incubation period corresponded with that 
observed in natural infection of man’; 2) the illness 


was similar in all respects to the clinical picture 
observed after natural infection®; 3) neutralizing 
antibodies were demonstrated in significant titer 
after recovery; 4) no mosquitoes which would 
have transmitted the infection could have been 
present in the laboratory at this time of the year; 
5) it was shown that airborne infection could occur 
in animals under experimental conditions. 
Previous studies on West Nile virus have shown 
that laboratory animals can be infected by a 
variety of routes’: ". The experiments reported in 
this paper show that monkeys, mice and hamsters 
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are also susceptible to infection by exposure to 
aerosols. 


SUMMARY 


A clinical case of probable West Nile virus 
infection with exposure to an 
infectious aerosol emanating from a_badly-as- 
sembled Waring 


Was associated 


blendor containing infected 
material. 

A monkey, 12 mice and6 hamsters were infected 
by exposure to an aerosol containing West Nile 
virus. 
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STUDIES ON THE GROWTH REQUIREMENTS OF ENTAMOEBA HISTOLYTICA 


VI. A MopirIcaTION OF THE S-F Tecunic WuHicH MAKES PossIBLE THE UTILIZATION 
oF PEPTONES OTHER THAN TRYPTICASE* 


JOSEPH J. McDADE 


snp JAMES G. SHAFFER 
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Some of the more recent methods for culturing 
Entamoeba histolytica include the Balamuth and 
Sandza' method and a preconditioned medium 
described by Jacobs*. Shaffer and Frye® used a 


fluid, 


single species of bacteria inhibited by penicillin G, 


thioglycollate supernatant containing a 
as the culture medium for E. histolytica. Phillips® 
used a technique similar to that of Shaffer and 
Frye in which he grew amebae in a medium con- 
taining Trypanosoma cruzi in place of the bacteria. 
Reeves, Meleny and Frye® described a later modifi- 
cation of the Shaffer-Frye technique, using a 
portion of whole bacterial culture or washed bac 
terial cells for the bacteria-containing supernatant 
fluid used in the S-F medium. Shaffer* used washed 
bacterial cells without preconditioning the me- 
dium, thus indicating that changes in ingredients 
mediated by the bacterial growth were not critical. 

Recently, another modification of the S-F proce 
dure has been accomplished, using a cysteine- 
peptone-glucose supernatant fluid, containing a 
single species of bacteria inhibited by penicillin G, 
as the culture medium for EZ. histolytica. It is felt 
that this modification allows more versatility with 
the S-F technique. The experimental observations 
will be presented in two sections: The first section 
contains growth curves of the amebae and bacterial 
survival curves obtained in the cysteine-peptone 
glucose media. The second section is concerned 
with the influence of aeration on the propagation 
of amebae in the cysteine-peptone-glucose and 


S-F media 


I. PROPAGATION OF AMEBAE AND BACTERIAL 
SuRVIVAL CURVES OBTAINED IN THI 


CYSTEINE-PEPTONE-GLUCOSE MEDIA 
MATERIALS AND METHODS 


Fluid thioglycollate medium (Baltimore Bio- 
logical Laboratories No. 136 C), containing 1.0% 


* This investigation was supported by a re 
search grant from the National Institute of Allergy 
and Infectious Diseases (E-49905) of the National 
Institutes of Health, Public Health Service. 


dextrose and approximately the same amount of 
medium. 
The thioglycollate medium (containing dextrose 


rice powder, is used to prepare the S-F 


and rice powder) is inoculated with an as-yet- 
unidentified, bacillus 
and incubated for 24 hours at 37 C. The resulting 
cultures are centrifuged, and the bacteria-contain- 


gram-negative, anaerobic 


ing supernatant fluid is treated with penicillin G. 
Normal horse serum is then added to complete the 
medium for inoculation with amebae. 

Shaffer found that Trypticase, commercially 
used in BBL fluid thioglycollate medium, was the 
only peptone suitable for the propagation of 
amebae in the S-F medium. Other peptones sub- 
stituted for the Trypticase in fluid thioglycollate 
medium, afforded good-to-luxuriant growth of the 
anaerobic bacillus but supernatant fluids prepared 
from such culture media failed to support propaga- 
tion of E. histolytica. 

This paper is concerned with an extension of 
such peptone studies, substituting a cysteine- 
peptone-glucose supernatant fluid, containing the 
anaerobic bacillus inhibited by penicillin G, as the 
culture medium for E. histolytica. The cysteine- 
peptone-glucose medium is based on our modifica- 
tion of the formula of Bedell and Lewis? and con- 


sists of: 


Grams per liter 


20.0 
10.0 
5.0 
Disodium phosphate 1.0 


Peptone 
Yeast extract (Difco 
Dextrose 


Cysteine 0 


5 
pH 72 


The reagents are dissolved in distilled water and 
the medium is sterilized by autoclaving of 15 lbs 
pressure for 15 minutes. When Tryptone (Difco) 
is the peptone used, the medium is designated 
CTG; the letters CLG are used when lactalbumin 
hydrolysate (Nutritional Biochemicals Corpora- 
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tion) is the peptone; and CTcG represents medium 
made with Trypticase (BBL) as the peptone. 

To prepare the complete medium for propaga- 
tion of E. histolytica, approximately 40-ml amounts 
medium contained 
in test tubes (8 x 1 in.) are inoculated with 0.3-ml 
amounts of a 48-hr peptone-medium culture of the 


of cysteine-peptone-glucose 


anaerobic-bacillus and the inoculated tubes are 
incubated at 37 C for 24 hrs. 

The resulting cultures are decanted to 40-ml 
centrifuge tubes, overlayed with melted petrola- 
tum, and centrifuged at 2,000 rpm for 45 minutes. 
After centrifugation, the supernatant fluids are 
collected and used as the base medium. This fluid 
has been found to contain between 90 and 140 
million viable bacterial cells per ml and to have 
a pH of 6.2-64 in repeated experiments with 
CTG, CLG, and CTcG media. Two-and-one-half- 
ml amounts of the supernatant fluid are added to 
sterile 15 X 150-mm culture tubes containing a 
normal horse serum (0.1 ml)-penicillin G (1,000 
units in 0.7 ml 0.85% saline) mixture previously 
adjusted to pH 6.2, as earlier work by Shaffer* 
has shown that a pH near 6.0 is optimal. These 
tubes are inoculated with 0.5-ml amounts of 48- 
or 72-hr cultures of E. 
overlayed with melted petrolatum to give a 6-8- 


histolytica and are then 


mm seal. Using this method and media, several 
strains of E. histolytica have been maintained in 
serial (48-72-hr) transplants for over 6 months. 
For studies of amebic growth and _ bacterial 
survival, two series of tubes were prepared. The 
first series, containing bacterial supernatant fluid, 
penicillin G, and normal horse serum, prepared 
as previously described, was seeded with a stand 
ard inoculum of E. histolytica trophozoites sus- 
pended in 0.5-ml amounts of peptone medium. 
The second series, containing equal amounts of 
the same ingredients, received 0.5-ml amounts of 
peptone medium to equal the inoculum used in 
the first series. All tubes were overlayed with 
melted petrolatum and were incubated at 37 C. 
After an incubation period of 24-hrs, and at 24 
hr intervals thereafter, counts of the amebae and 
viable bacterial assays were made on duplicate 
tubes from series one, and viable bacterial assays 
were made on duplicate tubes from series two. 
Counts of the amebae were made according to 
the procedure reported by Shaffer’. The numbers 
of viable bacteria were determined by the follow 
ing method: One ml of a thoroughly mixed culture 
was placed into a 10 X 75-mm test tube. Next, 0.2 
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ml of a 1:10 saline solution of penicillinase (Difco) 
was added, followed by 0.8 ml of peptone medium. 
The resulting mixture was incubated for 20-25 
minutes at 37 C to allow inactivation of penicillin 
G after which serial 10-fold dilutions were made 
in peptone medium. Duplicate tubes of each dilu- 
tion to be assayed were prepared by adding 1.0-ml 
amounts of the appropriate dilution into oval 
culture tubes (cross section, 23 * 11.5 mm; length, 
152 mm). Approximately 15.0 ml of peptone me- 
dium containing 1.2% agar was added and the 
tubes were placed in a cold water bath to effect 
rapid solidification of the agar medium. After the 
medium had solidified, all tubes were capped with 
a layer of agar medium approximately 2.5 cm in 
depth to insure anaerobiosis throughout the 


bottom layer. The tubes were incubated at 37 C 
for 72-hrs, after which colony counts were made 


and the number of viable bacteria in the culture 
estimated. 


RESULTS 


Figures 1-3 contain the growth curves obtained 
with the K-9 strain of E. histolytica in CTG, 
CLG, and CTcG media. The bacterial survival 
curves obtained in the 
presented in Figures 4-6. 


same experiments are 


Growth curves of the amebae reveal a constant 
increase through 72-hrs incubation, at which 
time a peak yield of amebae was reached in all 
three media. These results are in keeping with the 
earlier data obtained by Shaffer, who found that 
maximum propagation occurred during 72-hrs of 
incubation in the S-F medium. No explanation is 
available at present to account for the different 
slopes obtained in the three media. It is interesting 
to note, however, that the slope of the growth 
curve obtained in CTeG medium is quite similar 
to that obtained in the S-F medium. As these 
media have the peptone Trypticase in common, 
and since Shaffer found that no other peptone 
save Trypticase was suitable for propagation in 
the S-F medium, this peptone is quite possibly a 
contributing factor to the similarities observed. 

The bacterial survival curves (Figs. 4-6) indicate 
a rapid killing of bacteria, apparently starting 
upon exposure of the bacteria to the penicillin G. 
From these figures it can also be seen that the 
slope of the curves obtained when the bacteria 
were exposed to penicillin G and actively growing 
amebae is somewhat greater in all three media 
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Fig. 2. Growth curve of the K-9 strain of 


Entamoeba histolytica in cysteine-lactalbumin 


glueose (CLG) medium (arithmetic scale). 


than the slopes of curves obtained when the bac 
teria were exposed only to penicillin G. 

It should be pointed out that after 72-hrs expo- 
sure to penicillin and amebae, the bacterial popula- 
tion is almost extinct. It is interesting to note 
that at this time the number of amebae is highest, 
after which their number falls off rapidly. 

Shaffer’: * reported bacterial survival curves in 
the S-F medium which are similar to those ob- 
tained in the new peptone media. However, the 
supernatant fluids used to make the S-F medium 
contained 40 to 70 million viable bacterial cells 
per ml’ whereas the number of viable cells in the 


‘ 
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Fic. 3. Growth curve of the K-9 strain of 
Entamoeba histolytica in cysteine-trypticase-glu- 


cose (CTcG) medium (arithmetic seale). 
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Fic. 4. Death curves of the bacteria in cys 


teine-tryptone-glucose (CTG) medium (semi- 


logarithmic scale). 


supernatant fluids from the new peptone media 
varies from 90 to 140 million. In spite of this 
initially increased number of viable bacteria, it 
appears that a more rapid bacterial death occurs 
in the new peptone media. 

In preliminary studies substituting Neopeptone 
(Difco), Proteose peptone No. 3 (Difco), or Cas- 
amino acids (Difco) as the peptone in cysteine- 
peptone-glucose media, only the Neopeptone was 
found unsuitable. Both the Proteose peptone No. 
3 and Casamino acid media gave results which es- 
sentially duplicated those obtained in the CTG, 
CLG, and CTcG media. It would appear that 
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Fic. 6. Death curves of the bacteria in 


teine-trypticase-glucose (CTeG) medium (semi- 
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logarithmic scale 


either of these nutrients could be successfully 
incorporated into the medium as the peptone. 
Earlier 


that 
maltose could be substituted for glucose in media 
used for the propagation of E. 


workers* have established 
histolytica. Pre- 
liminary studies made with the new peptone media 
have also indicated that maltose can be substituted 
for glucose. Maltose was used in 0.5% concentra- 
tion and tubes of cysteine-peptone-maltose media 
were inoculated with the anaerobic bacillus. The 
tubes were incubated for 24 hr at 37 C and super- 
natant fluids were prepared from such cultures, 
in the manner previously described. Cultures of 
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E. histolytica prepared from such supernatant 
fluids were similar to those prepared from the 
glucose-containing supernatant fluids routinely 
used. 

It is interesting to note that the bacterial culture 
now being used has failed repeatedly to ferment 
maltose. To rule out the presence of maltase in 
the normal horse serum used, several batches of 
this serum were heated at 58 C for 60 minutes. 
When this heated serum was used in the cultiva- 
tion of amebae, no detectable differences were 
observed. These data are evidence for the presence 
of maltase elaborated by the amebae. This point 
is still under study. 


Il. Tut INFLUENCE OF AERATION ON THE 
PROPAGATION OF AMEBAE IN THE 
CYSTEINE-PEPTONE-GLUCOSE 
AND S-F Mepta 


INTRODUCTION 


In earlier work with the S-F medium, Shaffer 
observed that it was important to proceed without 
undue delay when collecting and using the bac- 
teria-containing supernatant fluid. Such delay 
often resulted in a decreased number of amebae 
and it was uncertain whether or not this was due 
to a killing of the bacterial cells by exposure to 
oxygen, the destruction of some oxygen-labile 


growth factor, or factors, or whether, perhaps, a 
combination of the two processes occurred. It is 


also possible that some substance in the medium 
was being rendered toxic on oxidation. 


MATERIALS AND METHODS 


To study the effect of oxidation on the propaga- 
tion of FE. histolytica in the various media, the 
following series of tests was conducted. 

1. To prepare the oxidized medium, CTG, CLG, 
CTcG, or S-F bacteria-containing supernatant 
fluids (17.5-ml amounts) were added to sterile, 
250-ml Erlenmeyer flasks containing penicillin G 
(7,000 units in 4.9 ml of 0.85% NaCl) and normal 
horse serum (0.8 ml). An Erlenmeyer flask was 
chosen to provide enough surface area to allow 
maximum oxidation of the medium. This medium 
was incubated at 37 C for 3 hrs, with 1-minute 
shakings at 30-minute intervals. Media treated 
in this manner were considered to have undergone 
maximum oxidation. 

One ml of the oxidized medium was treated 
with penicillinase and assayed for viable bacteria 
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TABLE 1 
The effect of oxidation on the propagation of FE. histolytica (Strain K-9) 
in CTG, CLG, CTcG, and S-F media 


No oxidation (control 


Medium 

Bacteria per ml Amebae per 
10.01 K 10’ 
11.27 K 10’ 
13.31 < 10° 
3.59 K 10° 


19,805 
20 , 332 
20 ,636 
14,699 


as described in Part I. Two 3.3-ml portions of 
oxidized 0.5-ml 
amounts of a suspension of EF. histolytica tropho- 


medium were inoculated with 
zoites (to give between 250 and 300 amebae per 
ml of medium) and the cultures were sealed with 
melted petrolatum. The cultures of bacteria and 
amebae were incubated at 37 C for 72-hrs after 
which counts of the amebae were made. 

2. It was thought that if oxidation did have a 
deleterious effect on the medium, the addition of 
a petrolatum seal might then provide a reduced 
environment which might help to overcome the 
effects of the oxidation. 

Medium which had been prepared and used in 
the oxidized phase of the experiment was over 
layed with melted petrolatum and incubated for 
an additional 3 hrs at 37 C. One ml of the reduced 
medium was removed, treated with penicillinase, 
and assayed for viable bacteria. Two 3.3-ml por 
tions of the medium were inoculated with 0.5-ml 
amounts of a suspension of E. histolytica tropho 
zoites (to give between 250 and 300 amebae per 
ml of medium) and were overlayed with a petrola 
tum seal. Counts were done as in (1). 

3. As 
tant fluids were assayed for viable bacteria imme 
diately after collection. This supernatant fluid 


a control, bacteria-containing superna 


was also used to prepare cultures of amebae as 
described in (1) and (2) above. Cultures of bac 
teria and amebae prepared in this manner were 
considered to have undergone minimum exposure 
to oxygen. The results obtained with the CTG, 
CLG, CTcG and S-F media in the three phases 
of the experiments are presented and compared 
in Table 1 


RESULTS 


From a comparison of the results in Table 1, 
it can be seen that oxidation does appear to have 


Aeration 


Bacteria per ml 


Aeration—3 hrs 


3 hrs at 37¢ Reseal—3 hrs at 37C 


Amebae per ml Bacteria per ml Amebae per ml 


107 15,900 2. xX 107 17 ,462 
10’ 13,771 ‘ x 10° 14,395 
107 13,164 7X 10 14,519 
107 11,544 x 10° 11,395 


a deleterious effect on the propagation of E. 
histolytica in these media. A progressive reduction 
in the number of viable bacteria is also apparent. 
This reduced number of bacteria is probably due 
to the action of the penicillin G and not directly 
to the oxidation and reduction of the four media. 
However, it would seem that this reduced number 
of bacteria may not be responsible for the de- 
creased growth of amebae since the number of 
viable bacteria continued to decrease after reseal- 
ing the medium. The propagation of amebae at 
this time is as good or better in all media. There- 
fore, some other factor, or factors, apparently 
reversibly oxygen labile, appear to be involved in 
the propagation of amebae. What the nature of 
this factor, or factors might be, is the object of 
further studies. 


DISCUSSION 


The choice of several peptones offers some 
versatility not possible with the S-F medium, in 
which only Trypticase has been satisfactory. It 
may now be possible, by comparing the various 
peptones, to study amino acid and certain other 
requirements of E. histolytica. It is interesting to 
note that in these new media Trypticase appears 
to function better than the other peptones tested. 
So far, there is no definitive evidence as to why 
this is the case. 

One of the most complex substances in these 
cysteine-peptone-glucose media is the yeast ex- 
tract and attempts are now in progress to substi- 
tute various known growth promoting substances 
for this material. Preliminary trials with certain 
chemically-defined substances have shown promise, 
but require much further study. 

The observations on utilization of maltose are 


further evidence that the amebae are capable of 


utilizing carbohydrate without assistance from 
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bacteria. Quite extensive studies in this laboratory 
have failed to reveal evidence that the bacterial 
strain used in these experiments has any effect on 


maltose. Thus, the utilization of the carbohydrate 
would appear to depend on the ability of the 
amebae to break it down themselves. This is 
probably the strongest evidence presented to 
date. Such observations might then point towards 
some phase of protein metabolism as the critical 
bacteria-ameba relationship. 

The observations on oxidation of the media 
seem to confirm the previous impressions that 
a deleterious effect, but indicate 
that the effect is possibly somewhat reversible. 


oxidation has 


No indication of the nature of the oxidizable ma- 
terial has been obtained yet. At present, the sig- 
nificance of such observations would seem to be 
more technical than fundamental, indicating that 
for the best results it is important to avoid undue 
oxidation in preparing the medium for inoculation 
with the amebae. 


SUMMARY 


1. Modified S-F media for the propagation of 
E. histolytica have been described. Trypticase, 
Tryptone, lactalbumin hydrolysate, Proteose 
peptone No. 3, and Casamino acids support the 
propagation of amebae in the new media, whereas 
only Trypticase could be used in the S-F medium. 
It is hoped that this will allow more versatility 
in studying the growth requirements of these 
amebae. 

2. Supernatant fluids made with the new media 
contain from 20 to 70 million more viable bacteria 
per ml than the fluid thioglycollate supernatant 
fluids used to prepare the S-F 
the killing rate of bacteria expe sed to penicillin G, 


medium. However, 


or penicillin G and amebae, appears to be greater 
in the new media when compared to the S-F 
medium. 
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3. It has been shown that undue oxidation of 
the medium before inoculation with E. histolytica 
has deleterious effects on the propagation of the 
amebae. 

4. Further evidence of the ability of E. histo- 
lytica to utilize maltose without assistance from 
bacteria has been presented. 
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THE TOXICITY OF SOME PRECIPITATED FRACTIONS OF DRIED MOCCASIN 
VENOM (ANCISTRODON PISCIVORUS PISCIVORUS)* 


JOSEPH F. GENNARO, JR. 
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1904 Marshall demonstrated that a toxic 
protein principle precipitates from rattlesnake 
(Crotalus adamanteus) venom saturated 45 to 60% 
with (NH,).80,. The work of Slotta and Fraen- 
kel-Conrat has indicated that in the Brazilian 
rattlesnake (Crotalus t. terrificus) the toxic effects 
of such precipitates were largely due to a labile 
globulin of relatively low molecular weight?: *: 7. 
The undertaken to 
test the toxicity of fractions from the venom of the 


present investigation was 
cottonmouth moccasin (Ancistrodon p. piscivorus) 
which were precipitated at 45-52% and 52-62% 
ranges of concentrations of (NH,).SO, as well 
as to describe some properties of the protein which 
precipitates at concentrations to 45% and beyond 
62%. 

Crotalus t. terrificus venom has been said to 
yield inactive globulin-type proteins, with ab- 
sorbed coagulin and some crotoxin on (NH,).S0O,; 
precipitation in 45% saturation’. Marshall de- 
scribed the material precipitated from the venom 
of Crotalus adamanteus as “white, nontoxic and 
globulin-like.”’ In the present studies it was deter- 
mined that no further precipitate appears from 
of whole dried moccasin venom 
saturations of (NH,).SO, beyond 75%. 


a solution in 


METHODS 


The venom was obtained as centrifuged, whole, 
dried venom from the Ross Allen Reptile Insti 
tute t Five hundred mg of whole, pooled, dried 
venom of Ancistrodon p. piscivorus was dissolved 
in 20 ml of distilled water. Protein fractions from 
this solution were precipitated with saturated 
(NH,).S0, at concentrations of 45, 52, 62, and 
75%. Each precipitate was separated by cen- 
trifugation from the whole venom solution. Each 


fraction was dialyzed against tap water in the 
cold for 24 hours. At the end of this time, precipi- 


* This investigation has been made with the 
assistance of a grant from the Committee on Re 
search, Council on Pharmacy and Chemistry, 
American Medical Association. 

t National Institutes of Health, Med. Stu. Re 
search Fellow. 

t Address: Silver Springs, Florida. 


and HOWARD W. RAMSEY?f 
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tates were visible in each dialysis bag. These were 
to similar to those 
biologically inactive globulins in Crotalus t. ter- 


assumed be described as 
rificus venom by Slotta® and were removed by 
centrifugation from each fraction and were identi- 
fied by the fraction number plus the letter G. 
The proteins were dried by evaporation in vacuum 
after freezing. The dried fractions (numbers 1, 
1G, 2, 2G, 3, 3G, 4 and 4G) were colorless, pow- 
dery and amorphous. Yields relative to raw venom 
are indicated in Figure 1. The lyophilized fractions 
were refrigerated under vacuum until ready for use. 
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Fic. 1. Weights of fractions precipitated from 
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dried moccasin venom by (NH,)2SO, in concentra- 
tions of 45% (1, 1G); 52% (2, 2G); 62% (3, 3G); 
75% (4,4G). These are expressed in the shaded 
areas relative to the original quantity of dried 
venom as percent dry weight after dialysis. 
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Fic. 2. The absorption spectra of (NH,).S8 
precipitable materials (fractions 1, 2, 3, 4), 
cottonmouth moccasin venom. 
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Ultraviolet absorption spectra were determined 
from physiological saline solutions each contain- 
ing 0.5 mg/ml of venom fraction. Because of the 
small amount of material available in the globulin 
fractions, absorption spectra of these were not 
determined. The specimen, placed in a 2-cm 
cuvette, was analyzed continuously from 370 my 
to 215 mp by means of 
photometer.* 


a recording spectro- 


Qualitative assays of the hemolytic properties 
were made on 5% human blood agar plates by 
observing the effect of filter-paper dises 1 em in 
diameter soaked in known concentrations of solu- 
tions of whole venom or of the venom fractions. 
Concentrations of the whole venom solution were 
500 and 250 ug/ml; of the venom fractions, 600 


* Spectracord, Perkin-Elmer Corporation. 


Hemolytic activity associated with fractions 2 (52%) and 3 (62%) compared to two dilutions 
of whole dried moccasin venom. (Central white spot is due to an artifact in the plastic Petri dish.) 


ug/ml. The plates were incubated at 37°C for 24 
hours before inspection. Hemolysis was indicated 
either by a blue-greenish discoloration of the agar 
medium, presumably produced by incomplete 
degradation of hemoglobin (alpha hemolysis), or 
by the production of a clear zone in the medium 
immediately under and surrounding the treated 
dises (beta hemolysis). 

Minimal lethal doses (MLD) and complete 
lethal doses were determined by intraperitoneal 
injection of -each venom fraction dissolved in 
physiological saline into 20-g male Swiss mice. 
Sufficient quantities of the globulin fractions were 
not available for this purpose. Only deaths re- 
corded in the 72-hour period following injection 


were regarded as due to venom. 
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RESULTS 


A. Absorption spectra. All fractions displayed 
the ultraviolet absorption peak at 280 my charac- 
teristic of protein materials. A small but signifi- 
cant increase in absorption from 290 to 292 my 
was also evident (Figure 2). Fractions 1, 2, and 3 
almost identical maxima; fraction 4 
showed considerably more absorption from 290 


showed 


to 235 my presumably the result of the presence 
of small-molecule precipitable aggregates. 

B. Hemolytic activity. The strongly hemolytic 
character of whole moccasin venom was evidenced 
on the blood agar by alpha hemolysis at 500 
ug/ml and by beta hemolysis at 250 ug/ml. The 
salt-precipitable fractions were free of pronounced 
activity, although some hemolysis 


hemolytic 


JR. 
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(beta) did occur in association with venom frac- 
tions 2 and 3 and globulin fractions 1 and 4 
(Figures 3 and 4). 

C. Tovicities. Figure 5 illustrates the compara- 
tive toxicities of fractions 1, 2, 3, and 4 as deter- 
mined by intraperitoneal injections into mice. 
Fraction 2 was most toxic (MLD = 8 yug/gm of 
mouse). Fractions 1, 3, and 4 were also highly 
toxic. The MLD of these fractions was approxi- 
mately that of whole Ancistrodon venom injected 
subcutaneously*® or about half that determined 
here for whole dried Ancistrodon venom (4 ug /gm 
of mouse). 

Regardless of the toxic fraction injected, the 
effects of a lethal dose in the test animal were 
identical. Initially, animals exhibited a marked 


1. Hemolytic activity associated with globulin fractions 1G (45% ppt.) and 4G (75% ppt. 
compared to two dilutions of whole dried moccasin venom. (Central white spot is due to an artifact in 
the plastic Petri dish 
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Fig. 5. Toxicity of the (NH,).SO, precipitable 
material (fractions 1 
venom compared to whole dried venom. 


4) in cottonmouth moccasin 


tendency toward face washing and fur picking 
and cleaning, especially at the site of injection. 
As signs of distress increased hyperventilation 
began, characterized by extremely rapid shallow 
breathing. The respiratory rate slowed by degrees 
and then stopped with convulsive inspiratory 
movements. During respiration the expiratory 
phase seemed to be the more adversely affected. 
Survival could be extended if expiration was 
enforced by compression of the chest. As respira- 
tory embarrassment increased, the test animal 
became increasingly active, moving about in 
spite of a partial paralysis of the hind legs. Im- 
mediately before death the animal exhibited 
convulsive, purposeless leaping movements which 
These 


lasted only a few seconds before death ensued, 


carried it a distance of several inches. 
leaving the animal rigid and opisthotonic. Release 
of sphincter control was usually exhibited either 
before or during this last phase. This syndrome 
was manifested almost uniformly in all animals. 
In all cases excepting one, death occurred within 
the first 12 hours after treatment, or the animal 
survived. 

A cursory postmortal examination revealed 
little local reaction at the site of injection, with 
the exception of a few petechiae on the surface 
of the small intestine. The gut was filled with 
fluid and the mesentery exhibited signs of inflam- 
mation. In some instances small areas of hemor- 
rhage appeared on the lung. Generally the gall 
bladder was filled, although not to the extreme 
degree which has been described following the 
subcutaneous injection of the venom of Bothrops 
jararaca’. 


DISCUSSION 


The work of Marshall! with Crotalus adaman- 


teus and that of Slotta and Fraenkel-Conrat? 


with Crotalus t. terrificus has shown that the 
(NH,)2SO, precipitable material removed from 
solutions of these venoms at salt concentrations 
of 45% is nontoxic. From Figure 5 it can be seen 
that all the (NH,).SO, precipitable fractions of 
moccasin venom are toxic although those ob- 
tained at salt concentrations of 52% and 62% 
(Fractions 2 and 3) are slightly more so. These 
salt concentrations are also those at which the 
most toxic fractions were obtained from the other 
venoms. In the venom of the Brazilian rattle- 
snake the purified protein precipitated in this 
manner (crotoxin), itself possesses hemolytic as 
well as neurotoxic qualities’. Whether this is 
true of the material obtained here from cotton- 
mouth venom has not been verified. From the 
fact that at least one separable hemolysin is 
shown to be associated with globulin fractions 1 
and 4, it may be concluded that agents of such 
character would be distinguished if present by the 
general analytical methods employed. It may be 
that the increase in toxicity of precipitates 2 and 
3 over the other primary fractions is due to the 
association of a separate hemolysin which comes 
down with these fractions. 

The pure precipitate from the venom of the 


Brazilian rattlesnake possesses a lethal activity 
of from 25% to almost 50% greater than that of 
the whole dried venom*: °. It is, therefore, note- 
worthy that the toxicity of the fractions obtained 
by similar means from the venom of the cotton- 
mouth moccasin is less than that of the whole 
dried venom. A possible interpretation may follow 


the nature of moccasin venom itself. 


Ancistrodon venom is noted for its hemolytic and 


from 


local necrotizing action®. However, at autopsy 
the abdominal cavity of animals injected with 
these fractions presented quite a different picture 
from that usually seen in mice injected intra- 
peritoneally with the fresh or whole dried venom 
of the moccasin. Not only was little necrosis 
evident but, aside from a few petechiae distrib- 
uted over the surface of the small intestine and 
mesentery, little evidence of the strong hemor- 
rhagic nature of the crude venom was seen. It 
should be noted that the loss of protein toxins 
of small molecular size from snake venom by 
dialysis through cellophane has been described 
in studies of crotamine by Goncalves!®. Accord- 
ingly, it may be that most of the hemolytic 
principles in Ancistrodon venom either dialyze 
freely or are not precipitated by these methods. 
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Since the toxin separated here does not pene 
trate the cellophane dialysis membrane, it must 
be of a larger molecular size than crotamine 
(10,000-15,000). That this toxin does not appear 
to be crotamine itself is consistent with the ob- 
servations on the distribution of the latter poison 
by Goncalves’? who found it to be largely con- 
fined to the venom of Crotalus durissus terrificus 
of the four crotalid venoms he tested. A similiarity 
of action to crotamine poisoning can be seen, 
however, in the manner in which death is pro- 
duced by these moccasin venom fractions in mice. 
The total syndrome is very like that described 
by Schéttler as taking place following the injec- 
tion into mice of the whole venom of Crotalus 
durissus terrificus®. The nature of the death is 
similar to that obtained by Goncalves"? after the 
injection into mice of the purified principle 
crotamine (paralysis of the posterior extremities, 
difficulty in respiration and death with rigidity 
of the animal). 

From the above observations and the similarity 
of the absorption spectra of these fractions it 
seems possible that the (NH,4).S0O, precipitable 
toxin of Ancistrodon venom really appears in 
all fractions. If this is true, then this Ancistrodon 
toxin (antoxin) is not associated with a hemolytic 
activity as is crotoxin, and is not dialysable 
through cellophane as is crotamine, but is com- 
posed of protein material(s) different from either. 
When one considers not only the great inter- 
specific variation in venom toxicity, but also the 
variation in the manner of venom action® °, this 
seems possible. 

Differences of this nature are recognized by 
many workers to be so great that Githens and 
George", for example, have proposed the use of 
variations in the toxic dose of dried venom from 
various Crotalidae, from a phylogenetic stand- 
point, as a means of classification. Slotta® has 
reviewed the diverse electrophoretic patterns of 
venoms obtained from different species and even 
from individuals of the same recognized species 
procured from different locations. Gongalves'® 
has noted the regional variation in the toxicity 
of the venoms of several Crotalidae as well as in 
the toxic principles of fresh venom obtained in 
25 samplings from Crotalus durissus terrificus 
(C.t.t. Moussatche et all, 
demonstrated that two toxins within 


southern). have 
a single 
venom may show different toxicities for the test 
animal", It may be, therefore, that some of the 


differences between the fractions of the venom of 


AND HOWARD W. 


RAMSEY 


Ancistrodon piscivorus piscivorus described here 
and those of Crotalus durissus terrificus described 
in the literature cited above, are due not only to 
differences in the biological climate of the species, 
but also to adaptation to the specific animal 
target of which each snake is a predator. 


SUMMARY AND CONCLUSIONS 


1. Whole dried venom of the cottonmouth 
moccasin, Ancistrodon piscivorus piscivorus, was 
separated into eight fractions by precipitation 
with saturated (NH,).S0O, at concentrations of 
45%, 52%, 62%, and No protein was 
precipitable at concentrations beyond 75%. Four 


75%. 
of these fractions consisted of the protein material 
primarily precipitated at each salt concentration, 
and four of minute amounts of material associated 
with each of the former but insoluble and separa- 
ble by centrifugation after dialysis. These latter 
correspond to globulin precipitates said to occur 
the the 
Brazilian rattlesnake, Crotalus terrificus terrificus. 
ultra- 
violet absorption spectra were determined for 


under these conditions in venom of 


2. Toxicity, hemolytic activity, and 


the four primary protein fractions (1, 2, 3, 4), but 
only hemolytic activity for the four globulin 
fractions (1G, 2G, 3G, 4G) was determined. 

All of the former four protein fractions were 
found to be toxic, varying only slightly in degree 
of toxicity. The syndrome following the injec- 
tion of a lethal dose in the mouse has been de- 
scribed. 

3. The hemolytic activity of these fractions 
was found to be minimal and associated primarily 
with only fraction 2. Some hemolytic activity 


was also observable in association with two 
globulin fractions. 

4. The ultraviolet absorption spectra of the 
four primary fractions were very similar, showing 
a maximum at 280 my characteristic of proteins 
rich in aromatic amino acids. Fraction 4 (75%) 
showed considerably more absorption from 235 
290 my than did fractions 1, 2, and 3 at the same 


concentrations. 


5. It has been concluded that the toxic prin- 


ciples precipitated by these methods from moc- 
casin venom are different from those derived from 
the venom of Crotalus durissus terrificus. 
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AN ANALYSIS OF THE TOXICITY AND HEMOLYTIC 


PROPERTIES OF 


STORED DESICCATED VENOMS OF TWO CROTALIDAE 


HOWARD W. RAMSEY* anp JOSEPH F. GENNARO, JR. 


Department of Anatomy, College of Medicine, University of Florida 


There has been much discussion in the litera- 
ture concerning the relative toxicity of dried 
venoms stored for appreciable periods of time. 
as 1885 Richards! experimented with 
dried venom that was 15 years old and came to 


As early 


the conclusion that its toxicity was unaltered. 
Mays? considered Crotalus venom of any species 
stable for at least 20 years. Macht* experimenting 
with plant seedlings, found a decrease in toxicity 
after a period of five years, while Kellaway‘ 
postulated that venom, if dried and sealed in 
glass containers, would retain its toxicity indefi- 
nitely. More recently Schéttler® reported little 
loss of toxicity of nonhemorrhagic venoms over 
a nine year period, while hemorrhagic venoms, 
kept under the same conditions lost as much as 
56% of their original toxicity. Pollard® reported 
little of p. 


piscivorus venom over a two year period. These 


or no loss of toxicity Ancistrodon 
somewhat contradictory findings would seem to 
indicate the necessity for further research into 
the matter of stability of stored venoms. This 
undertaken to not 
only the toxicity of two dried Crotalid venoms 


investigation was measure 
stored over appreciable periods of time, but also 
to measure losses in hemolytic activity and possi 
ble changes in absorption spectra. 


METHODS 


All venoms used in this experiment were ob- 
tained from the Ross Allen Reptile Institute. 
The venom consisted of four samples of Crotalus 
adamanteus venom, and two samples of Ancistro- 
don p. piscivorus venom. The Crotalus adamanteus 
venom consisted of samples of 13 year old venom, 
characterized by a brownish color in contrast 
to the normal orange or yellow, which was re 
dried in 1956; a 12 year old sample, redried in 
1956; a 9 year old sample, redried in 1957; and a 
1 year old sample, which had not been redried. 


The Ancistrodon venom consisted of a sample 12 


* National Institutes of Health Medical 
dent Research Fellow. 


+t Located at Silver Springs, Florida. 
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years old, redried in 1957, and a | year old sample, 
which was not redried. 

All venom used had been prepared in the fol- 
lowing manner. Venom from 14-20 snakes was 
pooled. Each pooled sample was thoroughly 
mixed and then centrifuged. The supernatant 
fluid was separated from the sediment and dried 
at room temperature. All fresh venom was kept 
at 15-20°C. prior to processing and all samples 
were dried within 72 hours after milking. After 
processing, venoms were stored in airtight screw 
top glass vials in the dark. These vials were not 
opened or exposed to light at any time, with the 
exception of those venoms which were redried. 


The toxicity of the venoms was tested by 


dissolving the dried venom in physiological saline 
and injecting it intraperitoneally in male Swiss 
mice, averaging 20-22 grams in weight. Fifteen 
to twenty mice were used for each determination. 
Water was supplied ad libitum. Only those deaths 
that occurred within 72 hours of injection were 
considered significant in this experiment. Toxic- 
ities were expressed after the manner of Schétt- 
ler , as LDo ’ 
tality; 
and as CLD, the lowest dose causing 100% mor- 
tality. 

The hemolytic activity of the venom was tested 


the highest dose causing no mor- 


MLD, the lowest dose causing any deaths, 


on 5% human blood agar plates. Absorbent paper 
of uniform texture was cut into discs 1 em in 
diameter. Each dise saturated in 250 ug/ml or 
500 ug/ml venom solutions was then placed on 
blood agar plates. The plates were incubated at 
37°C. for 24 hours and the extent of the zone of 
hemolysis noted. 

The ultra violet absorption spectra of the new 
old 


means 


and venom solutions were determined by 


of a continuously recording spectro- 
photometer (Spectracord; Perkins-Elmer Corp.), 
in a 2 cm cell at wavelengths from 370 my to 
215 mu. The solutions used for this purpose con- 
tained a concentration of 500 ug/ml of dried 


venom in physiological saline. 
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STORED DRIED VENOMS 


RESULTS 


A. Toxicity. The numerical results of the 
toxicity determinations are shown in Figure 1. 
Little differences in toxicity are seen between the 
1 year old and the 9, 12, and 13 year old Crotalus 
venoms. Also there is no significant decrease 
observed in toxicity of the 12 year old as com- 
pared to the 1 year old Ancistrodon venom. It is 
interesting to note that the toxicity of the sample 


of 13 year old Crotalus venom remained relatively 


unaltered, despite its unusual brownish color. 
B. Hemolytic Activity. The 13 year old Crotalus 
venom produced no hemolysis at either the 250 
or the 500 ug/ml concentration. The 12 and 9 
year old Crotalus venom produced extensive 


2. The hemolytic activity of new (1 yr.), old (9 yr.), and discolored old (13 yr.) venom from 


Crotalus adamanteus (central white spot is due to artifact in plastic Petri dish). 
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Fic. 3. The hemolytic activity of new (1 yr.) and old (12 yr.) venom from Ancistrodon p. piscivorus 


(central white spot is due to artifact in plastic Petri dish). 


hemolysis at the 250 and 500 ug/ml concentra- 
tions (Figure 2). 

The 12 year old Ancistrodon venom produced 
moderate hemolysis at the 250 ug/ml concentra- 
tion and extensive hemolysis at the 500 yg/ml 
concentration. The 1 year old Ancistrodon venom 
produced extensive hemolysis at the 250 and 500 
ug/ml concentrations (Figure 3). 

C. Absorption Spectra. Of the Crotalus ada- 
manteus venoms, only the absorption spectra of 


the 9 and 1 year old venoms were determined. 
At 250 my the 9 year old venom showed approxi- 
mately 10% less absorption than the 1 year old 
venom, and at 280 my approximately 8% less 
absorption. The absorption curve of the 9 year 
old venom increased toward the red (315 my) and 
exhibited slightly more absorption than the 1 
year old venom (Figure 4). 


The absorption curves of the 12 and 1 year 


old Ancistrodon venoms bear essentially the same 
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relationship to one another as do the absorption 
spectra of the 1 and 9 year old Crotalus venoms 
(Figure 5). 


DISCUSSION 


The results of this investigation indicate that 
the toxic properties of snake venoms remain 
unaltered if the venoms are stored in air tight, 
moisture containers. This 
agrees with the work of Kellaway‘ and tends to 


proof observation 


aad 
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confirm Schéttler’s® speculation that the loss of 
toxicity of venoms used by him was due to expo- 
sure to atmospheric conditions. 

Although it was not sufficient to alter signifi- 
cantly the lethal doses of the venom for mice, it 
is interesting to note that a decrease in hemolytic 
properties of the older venoms was observed. 
This would indicate that among the general toxic 
principles of Crotalus and Ancistrodon venoms, 
one of the most labile factors is hemolytic in 
character. Therefore in venoms which are largely 
hemorrhagic as are the of Crotalus 
adamanteus and Ancistrodon p. piscivorus’ con- 


venoms 


siderable losses of labile hemolytic factors might 
very well change the lethal nature of the total 
venom. Such changes could account, at least 
partially, for the wide range of toxic doses re- 
ported in the literature for hemorrhagic venoms 
of a given species. 

It appears that changes in the UV absorption 
spectra are the most sensitive indicators of altera- 
tions in the venom protein complex. Even under 


conditions where little change is noted in toxicity, 


the absorption spectra of new and old venoms 
are measurably different. These differences are 
probably explicable under the general assumption 
that venom undergoes autolytic changes, espe- 
cially in the presence of excess moisture, with the 
resultant formation of polypeptides and peptide 
fragments. This would explain the decrease in 
UV absorption at 280 my and the increase at 
315 my of the older venoms. This explanation 
agrees with the work of Beaven and Holiday* 
who compared the absorption spectra of a solu- 
tion of bovine serum albumin and a solution of 
certain of its constituent free amino acids, and 
found a similar decrease in absorption at 280 my 
and an increase in absorption in the amino acid 
solution at the red range of the spectrum. 


SUMMARY 


The toxicity, hemolytic properties, and UV 
absorption spectra of dried Crotalus adamanteus 
and Ancistrodon p. piscivorus venoms stored over 
a period of 13 years were determined. 

It was found that the toxicity of the venoms 
remained essentially unaltered, although hemo- 
lytic properties of the older venoms were slightly 
reduced. Absorption spectra of these venoms 
revealed noticeable differences which were cor- 
related with the age of the venoms. 





HOWARD W. RAMSEY AND 


ACKNOWLEDGEMENT 
Our thanks to Mrs. Hollis P. Hall of this 
department for her assistance during the experi- 
ment and to Ross Allen of the Ross Allen Reptile 
Institute, Silver Springs, Florida from whom the 


venoms used in this experiment were obtained. 


REFERENCES 
Ricuarps, V. 1885. The land-marks of snake 
poison literature. Caleutta, pp. xi + 176 + v 
(Also 2nd edition, Calcutta, 1886, pp. viii + 
191). quoted from Laurence M. Klauber. 1956. 
Rattlesnakes their habits, life histories, and 
influence on mankind. Los Angeles. Univ. of 
Calif. Press. 

Mays, T. J. 1913. The 
treatment of epilepsy. J. Am. Med. Assn., 60: 
1811-1812. (See also, p. 1001). 

3. Macut, D. I. 1933. Effects of snake venoms on 


Rattlesnake-venom 


JOSEPH F. GENNARO, JR. 


plants. Proc. Soc. 

988-990. 

. Ketiaway, C. H. 1937. Snake venoms. Their 
constitution and therapeutic applications. 
Bull. Johns Hopkins Hosp., 60: 1-39. 

. Scubrriter, W. H. A. 1951. On the stability of 
dessicated snake venoms. Jour. Immun., 67: 
229-304. 

3. Pottarp, C. B., Novak, A. F., Harmon, R. W., 
AND Runzver, W. H. 1952. A study of the 
toxicity and stability of dried moccasin (Ag. 
Pis.) venom. Quart. J. Fla. Acad. Sci., 15: 
161-164. 

. Minton, 8. A., Jr. 1956. Some properties of 
north american pit viper venoms and their 
correlation with phylogeny. Venoms. E. E. 
Buckley and N. Porges (Ed.) Publication No. 
44 of Am. Assoc. Adv. Sci., Washington, D. C. 
pp. 145-151. 

. Beaven, G. H. anp Houipay, E. R. 1952. U1- 
traviolet absorption spectra of proteins and 
amino acids. Advances in Protein Chem., 7: 
320-386. 


Exp. Biol. & Med., 30: 





ST. LOUIS ENCEPHALITIS IN PANAMA 


I. [IsoLATION OF THE ViRUS FROM ForEST MosquiTors AND HumMAN BLoop* 


PEDRO GALINDO, ENID DE RODANICHE, anno CARL M. JOHNSON 


Gorgas Memorial Laboratory, Panama, Republic of Panama 


In the present publication we wish to report 
isolation of St. Louis encephalitis virus in Panama 
from human blood and mosquitoes infected in 
nature. Various isolations were made over a 
period of eight months in Paya, Darien Province 
indicating that this region may constitute an 
important endemic center. The virus was re- 
covered in the course of a long-term study of the 
local arthropod-borne viruses with special refer- 
ence to the ecology of yellow fever. In the conduet 
of this project mosquito collecting stations were 
set up on either a permanent or a temporary basis 
in various locations. Those stations from which 
St. Louis 


briefly described below. 


virus was recovered (see map) are 

Buena Vista Station. An area of partly cleared 
intermediate forest on the Atlantic slopes of the 
Continental Divide about five miles east of the 
Vista located on the 
Transisthmian Highway. Collections were made 
here from July 11 to July 23, 1957. 

Paya Station. An area located in the forested 


small village of Buena 


slopes at the junction of the Paya and Tuira 
Rivers in the near the 


Colombian border, where collections were begun 


Province of Darien, 
in February 1958 and have been continued on a 
long-term basis. In the present report, however, 
there are included only the results of collections 
made before January 1959. 

Tacarcuna Station. This station is located in 
the Province of Darien of the slopes of Mt. 
Tacarcuna near the headwaters of the Pucro 
River, a tributary of the Tuira, at an elevation 
of 3,000 feet. It is some 25 kilometers from the 
mouth of the Paya River and the Paya Station. 
Collections were made there from August 22 to 
December 9, 1958. 


MATERIALS AND METHODS 
Mosquitoes were collected in glass vials as 
they alighted to feed on men stationed on plat- 
forms in the forest canopy. The construction and 


* This study was supported in part by N.I.H. 
Research Grant No. E-1941. 


operation of such stations were described by 
Galindo, Trapido and Carpenter.! All mosquitoes 
were left from 24 to 72 hours at environmental 
temperature in the field before being packed in 
Thermos jugs filled with ice, These jugs were 
shipped by cayuco to El Real where they re- 
mained overnight to be sent next morning by 
plane to Panama City. Mosquitoes usually were 
alive when received in the Laboratory. After 
identification they were stored in sealed glass 
tubes in dry CO, until tested. The mosquito pools 
were then ground with inactivated, filtered, ten 
percent normal rhesus serum saline containing 
1000 units of penicillin and 1000 micrograms of 
streptomycin per cubic millimeter, centrifuged 
at 5° C, and the supernatant injected into white 
Swiss mice. Adult mice were used for the Buena 
Vista collection, 0.03 ml being delivered intra- 
cerebrally. For all later collections 2-day-old 
suckling mice were available and were inoculated 
intracerebrally and subcutaneously with 0.02 ml 
of the inoculum by each route. Mice were kept 
under observation for a period of 28 days. 
RESULTS 

Pertinent details concerning the St. Louis 
encephalitis virus isolates are given in Table I. 
The first recovery of this agent (Buena Vista 
strain) was made in mid-July from a pool of 95 
Sabethes chloropterus captured in Buena Vista. 


Five of 6 adult mice inoculated intracerebrally 
with a suspension of these mosquitoes developed 


marked nervous symptoms in 6 days and were 
sacrificed or died. A total of 516 Sabethes chlorop- 
terus was obtained during the 12-day collection 
period but no further St. Louis isolations were 
made. It is of interest that yellow fever virus was 
active simultaneously in this area and was re- 
covered 4 times from Haemagogus lucifer and 
H. spegazzinii falco. 

Seven months later, in February 1958, a 34- 
year-old male Panamanian employee (P.M.) of 
the Gorgas Memorial Laboratory engaged in 
collecting mosquitoes at our newly established 
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TABLE I 
Isolations of St. Louis virus from mosquitoes and 


human blood, 1957-1959 


No. of 
mos- 
quitoes 
in pool 


Place of 
origin 


Source of virus 


Date of collection 
strain 


Sabethés chlor 


opterus 


Buena | July 1957 95 
Vista 
Paya February 1958 


June 1958 133 


Human blood 
Sabethes chlorop- | Paya 
terus 
Sabethes spp.* 
Sabethes chlor 
opterus 
Sabethes 


opterus 


July 1958 139 
August 1958 153 


Paya 
Paya 
chlor- | Tacar-| September 1958 114 
cuna 

Human blood 


Paya September 1958 


* Pool consisting of Sabethes cyaneus, S. tar 
sopus, (and a related new species), S. undosus, 
and S. fabricii 


station in Paya, Darien developed a transient 
moderate fever with severe headache. Blood was 
drawn and forwarded to the laboratory where it 
was injected into 8 each 2-day-old mice, one of 
which sickened and was sacrificed for subinocula- 


Localities in Panama where St. Louis virus has been isolated 


tion 10 days later. By the third passage the virus 
produced severe nervous symptoms in all infant 
and adult mice injected intracerebrally after an 
incubation period of 4 days. This individual 
showed a marked rise in antibodies during con- 
valescence. In acute phase blood the neutraliza- 
tion index was 0.5 log as contrasted with 3.3 logs 
in blood drawn 40 days later. It is perhaps of 
interest to note that no work with the Buena 
Vista strain of virus, which was later identified as 
St. Louis, had been carried on in the laboratory 
for a period of several months prior to this isola- 
tion. 

Mosquito collections were continued in Paya 
where the virus was recovered from 3 of a total 
of 169 mosquito pools processed during the year, 
including 37 of S. chloropterus and 28 of Sabethes 
spp. It was isolated once in early June 1958 from 
a pool of 133 S. chloropterus, again in mid-July 
from a pool of 139 Sabethes spp., including S. 
cyaneus, S. tarsopus (and a related new species), 
S. undosus and S. fabricii, and again in the third 
week of August from a pool of 153 S. chloropterus. 
Total catches of S. chloropterus were 5340 and of 
Sabethes spp. 3607. No further isolations from 
mosquitoes were made during the remainder of 
the year, but virus was probably recovered from 
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human blood in September 1958. This individual 


(P.G.), a 40-year-old Panamanian male was 


engaged in field studies and had fed on himself a 
number of mosquitoes belonging to the species 


S. chloropterus, H. spegazzinii falco and Aedes 
leucocelaenus clarki. He became ill 6 days later 
with symptoms similar to those of P. M. viz., 
fever, headache, and retroorbital pain. Blood was 
obtained on the second day of fever for mouse 
inoculation. Only 1 infant mouse in the group of 
7 which were injected with this serum sickened, 
indicating a low titer of virus in the blood. No 
significant rise in circulating neutralizing anti- 
bodies was found in this individual during con- 
valescence. Further serological studies will be 
carried out. 

From the Tacarcuna Station, 1 mosquito pool 
out of a total of 47 including 15 of S. chloropterus 
and 6 of Sabethes spp. proved to contain St. Louis 
virus. It was a suspension of 114 S. chloropterus 
collected in mid-September 1958. No further 
isolations were made from material obtained at 
this station. During the year a total of 1686 S. 
chloropterus and 634 Sabethes spp. respectively 
from Tacarcuna were tested. 

All virus strains showed uni- 
Intra- 
cerebral injection in infant or adult mice produced 


considerable 
formity once fully established in mice. 
nervous symptoms such as tremors, ataxia, con- 
vulsions, paralyses, and prostration after an 
incubation period of 3 to 4 days, with a fatal 
termination in 5 to 7 days. Infant mice were 
quite susceptible also by peripheral routes. 
IDENTIFICATION OF 


THE VIRUS 


The virus strains were readily identified as be- 
longing to Group B according to the classifica- 
tion of Casals and Brown*. Cross-challenge and 
mouse protection tests showed them to be dis- 
tinct from yellow fever and Ilheus. As no other 
known Group B viruses, antigens, or antisera 
were available here for comparison, a mouse hy- 
perimmune serum against the Buena Vista strain 
was forwarded to Drs. Theiler and Casals at the 
Rockefeller Foundation Virus Laboratories. They 
performed block complement-fixation tests using 
the following viral antigens: St. Louis encephali- 
tis, IIheus, yellow fever (Asibi), Japanese B, 
West Nile, dengue Tr. 1751 and An. 4073. 
Highest titers were found against St. Louis anti- 
gen leading them to the conclusion that the virus 
was “either St. Louis or a virus much closer to 
St. Louis” than any of the other agents tested. 


IN PANAMA 559 
Later, opportunity was afforded to have studies 
made with the Buena Vista virus strain in the 
laboratories of Dr. W. C. Reeves of the University 
of California and Dr. W. L. Pond of the National 
Institutes of Allergy and Infectious Diseases. Dr. 
Reeves in the tissue culture neutralization tests 
obtained complete neutralization with St. Louis 
serum and negative results with antisera to 
Japanese B, western equine encephalomyelitis, 
California and Rio Bravo bat salivary virus. Dr. 
Pond, using the mouse protection test, obtained a 
high neutralization index with St. Louis anti- 
serum and negative or low titer reactions with 
Japanese B, Ilheus, yellow fever, eastern and 
western equine encephalomyelitis and West Nile 
viruses. 

In order to complete the identification of this 
virus cross-challenge experiments were carried 
out. For this purpose in January 1959 the Hub- 
bard strain of St. Louis encephalitis virus was 
obtained from the American Type Culture Col- 
Thirty previously immunized 
against the local virus were challenged by the 
intracerebral injection of 1074 LD/50 of the 
Hubbard strain. All survived whereas all controls 


lection. mice 


were dead within 5 days. Similarly 30 mice previ- 
ously immunized against the Hubbard strain 
resisted intracerebral challenge with 10°7 LD/50 
of the local Buena Vista strain of virus, a dose 
fatal to all controls within 7 days. 

The other six strains of virus here described 
were identified by immunological comparison 
with the Buena Vista strain. Mouse hyperimmune 
sera were prepared against each of the strains and 
used in intracerebral mouse protection experi- 
ments. Hyperimmune serum against the Buena 
Vista virus was tested for capacity to neutralize 
the other strains and conversely, hyperimmune 
serum prepared against the other strains was 
tested for its content of antibodies against the 
Buena Vista virus. In cross-challenge experiments 
mice previously immunized against the Buena 
Vista strain were challenged by the intracerebral 
injection of a minimum of 10,000 LD/50 of the 
test virus and vice versa. Several other strains 
of virus immunologically related to St. Louis, 
but showing some differences from it also were 
recovered from mosquitoes during the course of 
this investigation. They are not described here 
pending further analysis. 


DISCUSSION 
The finding of St. Louis virus in Panama is of 
interest for several reasons. First, it represents 
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the first recovery of this agent from Middle 
America. Repeated isolations of St. Louis virus 
from mosquitoes and one recovery from a fledg- 
ling dove have been reported from Trinidad: *: ° 
but otherwise we have found 
isolations outside the United States. Second, this 
is the first report of natural infection with this 


no reference to 


agent in mosquitoes of the tribe Sabethini. Pre- 


vious isolations were from culicines such as 
Culex tarsalis, Culex pipiens and Aedes dorsalis*®, 
and from C. coronator, C. caudelli and Psorophora 
ferox in Trinidad.‘ Sabethes chloropterus is of 
special interest because it was repeatedly found 
infected with St. Louis encephalitis virus here 
and also because it has been shown to harbor 
two other Group B viruses, Ilheus’, and yellow 
fever’: * which latter virus it is capable of trans- 
mitting by bite’: ". The simultaneous activity of 
St. Louis and yellow fever viruses in Buena Vista 
and of Ilheus and yellow fever in Guatemala* 
may explain confusing serological reactions in 
human and animal serum obtained at times in 
surveys. 

St. Louis virus has been isolated rarely from 
human blood. Blattner and Heys” recovered it 
from the blood of an 8-year-old boy in which it 


persisted for approximately 4 days after the onset 


of symptoms. In the present study virus was 


probably recovered from the blood of two men 
suffering a mild clinical infection. Isolation from 
the first of these is corroborated by a rise in 
neutralizing antibodies during convalescence. No 
significant rise was found in the other. Virus titers 
in the blood of both were low as neither produced 
infection in all infant mice of the litters inocu- 
lated. Both had been vaccinated against yellow 
fever and had been exposed in their work to the 
attacks of thousands of mosquitoes, some of 
which probably harbored other Group B agents. 
It is possible that those previous immunizations 
to a related virus or viruses may have influenced 
the clinical picture of the infection. The recovery 
of St. Louis virus over a period of at least 8 
months in Paya, Darien suggests that this may 
be an important center. Further epidemiological 
stuclies are now in progress. 


SUMMARY 


Isolation of St. Louis encephalitis virus in 
Panama is reported. The virus was recovered five 
times from Sabethes chloropterus. It was also re- 
covered from a pool of S. cyaneus, S. tarsopus 


(and a related new species), S. undosus, S. fa- 


RODANICHE AND CARL M. JOHNSON 


bricti, and from human blood. It was present 
over a period of at least 8 months in Paya, Darien. 


ACKNOWLEDGMENT 


Grateful acknowledgment is expressed to Drs. 
Max Theiler and Jordi Casals of the Rockefeller 
Foundation Virus Laboratories, Dr. W. L. Pond 
of the Laboratory of Tropical Diseases, National 
Institute of Allergy and Infectious Diseases, and 
Dr. W. C. Reeves of the School of Public Health, 
University of California, for their invaluable 
assistance in the identification of this virus. 


REFERENCES 


. Gatinnbo, P., Trapipo, H., anp CARPENTER, 
S., 1950. Observations on diurnal forest mo- 
squitoes in relation to sylvan yellow fever in 
Panama. Am. J. Trop. Med. 30: 533-574. 

‘ASALS, J. AND Brown, L., 1954. Hemaggluti 
nation with arthropod-borne viruses. J. 
Exp. Med. 99: 429-449. 

ANDERSON, C. R., 1957. St. Louis virus in 
Trinidad. West Indian Med. J. 6: 249-253. 
AnpeErRSON, C. R., Arrxin, T. H. G., Downs, 
W. G., ano Spence, L., 1957. The isolation 
of St. Louis virus from Trinidad Mosquitoes. 

Am. J. Trop. Med. & Hyg. 6: 688-692. 

Downs, W. G., ANDERSON, C. R. anp CasALs, 
J., 1957. The isolation of St. Louis virus 
from a nestling bird in Trinidad, British 
West Indies. Am. J. Trop. Med. & Hyg. 6: 
693-696. 

Hammon, W. Mc D. ann REeEvgs, W. C., 1945. 
Recent advances in the epidemiology of the 
arthropod-borne virus encephalitides in 
cluding certain exotic types. Am. J. Pub. 
Hith. 35: 994-1004. 

RopanicuHe, E. pE, AND GALINDO, P., 1957. 
Isolation of Ilheus virus from Sabethes 
chloropterus captured in Guatemala in 1956. 
Am. J. Trop. Med. & Hyg. 6: 686-687. 

RopaNIcHE, E. DE, AND GALINDO, P., 1957 
Isolation of yellow fever virus from Haema 
gogus mesodentatus, H. equinus and Sabethes 
chloropterus in Guatemala in 1956. Am. J. 
Trop. Med. & Hyg. 6: 232-237. 

RopaNicue, E. pE, GALINDO, P. AND JOHNSON, 
C. M., 1957. Isolation of yellow fever virus 
from Haemagogus lucifer, H. equinus, H. 
spegazzinii falco, Sabethes chloropterus and 
Anopheles neivai captured in Panama in the 
fall of 1956. Am. J. Trop. Med. & Hyg. 6: 
681-685. 

. Gatinno, P., Ropanicue, E. ano Traprpo, 
H., 1956. Experimental transmission of yel 
low fever by Central American species of 
Haemagogus and Sabethes chloropterus, Am. 
J. Trop. Med. & Hyg. 5: 1022-1031. 

RopANIcHE, E. pE, GALINDO, P. AND JOHNSON, 
C. M., 1959. Further studies on the experi 
mental transmission of yellow fever by 
Sabethes chloropterus. Am. J. Trop. Med. & 
Hyg. 8: 190-194. 

BuaTTNer, R. J. aNp Heys, F. M., 1946. Iso- 
lation of St. Louis encephalitis virus from 
peripheral blood of human subject. J. 
Pediatrics, 28: 401-406. 





INTESTINAL 


ALLIED PERSONNEL, NAVAL 


PROTOZOANS AND HELMINTHS IN U. 8. MILITARY AND 
HOSPITAL, 


BETHESDA, MARYLAND! 


ROBERT E. KUNTZ 


Naval Medical Research Unit No. 2, Taipei, Taiwan 


During the course of routine stool examinations 
supporting the general laboratory activities of 
the U.S. Naval Hospital, Bethesda, Maryland, 
there has been opportunity to study the intes- 
tinal fauna in sizeable population samples. In- 
formation presented in this report is based upon 
an accumulation of data for a period of 11 years. 
The data indicate the relative incidence of in- 
testinal fauna detected in military and related 
personnel whose stool specimens were examined 
in the Department of Parasitology of the Naval 
Medical School. 


MATERIALS AND METHODS 


A number of technicians helped process and 
examine the materials upon which the present 
report is based. Although the data were collected 
over a period greater than a decade it is believed 
that the technics employed for examination of 
stools from year to year were sufficiently similar 
and consistent as to make the rates on incidence, 
in general, comparable. The number of examina- 
tions varied considerably reflecting the fluctua- 
tion of personnel passing through the Naval 
Hospital. 

The majority of study specimens was obtained 
for the routine examination of military personnel 
and their dependents. Others entitled to medical 
care, e.g., Veterans Association beneficiaries and 
limited numbers of government employees (Fed- 
eral Bureau of Investigation employees, congress- 
men, etc.,) directed to the National Naval Medi- 
cal Center for physical examinations were also 
included. 

Specimens were collected in standard sputum 
cups which were forwarded to the parasitology 
laboratory as soon as convenient after passage 
of the stool. Prior to 1952 specimens were ex- 
amined by a direct smear in normal saline and a 
second preparation was stained with iodine. A 
portion of each stool was subjected to brine 

The opinions or assertions contained herein 
are the private ones of the author and are not to 
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flotation for detection of helminth eggs. Begin- 
ning in 1952 the MIF (merthiolate-iodine- 
formalin) (Sapero and Lawless, 1953) direct 


smear technic replaced the iodine stained prep- 


arations but the examination of saline smears and 
brine flotations continued for teaching purposes. 

During the past 3 years the “MIF kit”? (Medi- 
cal Protozoology and Helminthology, 1955; Faust 
and Russell, 1957) (a box with 2 vials containing 
“MF” and “I” for mixture prior to preservation 
of a sample of stool specimen) has essentially 
replaced the collection of stools on the ward and 
at home by the older less efficient methods. The 
kit has an aesthetic appeal since it reduces to a 
minimum in the handling of 
odoriferous materials and the subsequent trans- 
fer from ward and/or home to the laboratory. 
This feature alone encourages considerably the 
cooperativeness on the part of contributors. Fur 
thermore, fixation of stool immediately after 


embarrassment 


passage gives greater assurance that the contained 
intestinal fauna are preserved more or less in their 
natural state. Materials thus fixed have been 
superior for diagnostic evaluation of all intestinal 
fauna and may be used for direct smear studies 
or subjected to concentration technics at the 
convenience of the technician or as circumstances 
dictate. The MIFC (Blagg, et al., 1955) and the 
AMS III (Hunter, et al., 1948) concentration 
technics have also been employed during the past 
3 years for teaching purposes and for those cases 
in which infections were suspected but not re- 
vealed by regular saline and direct smear meth- 
ods. 

All specimens processed were examined by a 
trained and experienced technician. Additional 
examinations of stool samples were made by 
technicians in training status. As a rule one or 
two specimens were studied from each person. In 
special cases with suspected infection several 
specimens were submitted to the laboratory over 
a period of a week or 10 days. 


LABORATORY FINDINGS 


Table 1 lists the intestinal protozoans and 
helminth eggs detected in the examination of ap 
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TABLE 1 


Incidence (per cent) of intestinal protozoans and helminths in military and allied personnel examined 
at U. 8. Naval Hospital, Bethesda, Maryland 


Entamoeba histolytica (LR)* 

Entamoeba histolytica (SR)* 
Total EZ. histolytica 

Entamoeba coli 

Endolimax nana 

Dientamoeba fragilis 

lodamoeba biitschlii 

Giardia lamblia 

Chilomastiz mesnili 

Enteromonas hominis 


Trichomonas hominis 


Hookworm 

Ascaris lumbricoides 
Enterobius vermicularis 
V eloidogne 
Strongyloides stercoralis 
Trichostrongylus 
Trichuris trichiura 
Diph yllobothrium latum 
Hymenolepis nana 
Taenia saginata 

Taenia solium 

Taenia sp.t 

Clonorchis sinensis 
Schistosoma japonicum 


Schistosoma mansoni 


Individuals with protozoans 
Individuals with helminths 


Total number of examinations 


1946 1948 1951 1952 1953 1954 
Protozoans 


1.65 
1.68 
3.33 
5.60 


9.52 
1.05 
2.22 
0.60 


0.60 


Helminths 


1.92 
0.12 
0.21 
0.69 
0.15 


1.11 


5900t | 5600¢ 4464 | 5341 | 4981 | 3502 


* LR = large race E£. histolytica with cysts measuring more than 10,; 
SR = cysts less than 10g. 


+ Species questionable since identification is based on study of eggs only. 


t Exact number of examinations unknown. 


§ Data for 1957 based on period January through June. 


proximately 37,000 stool samples over a period 
of 11 years. It is obvious, in a report of this type, 
that the data based upon the work of different 
technicians using slightly different approaches 
with their technics, etc., are not absolutely com- 
parable on a year to year basis. Therefore, due to 
slightly different methods of data tabulation, the 
values for the years 1946 and 1948 must be con- 


sidered only as approximate figures. These are 
included, however, to provide comparative in- 
cidences of intestinal fauna over a period, a part 
of which was obviously important from the 
standpoint of marked change in rates for the 
protozoans. Undoubtedly the most striking in- 
formation is the very low incidence of certain 
fauna for some years and their complete absence 
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during other periods. Certainly the figures are 
considerably lower than generally calculated for 
the United States (Faust and Russell, 1957) al- 
though military personnel, it would seem, repre- 
sent a fairly typical cross section of the American 
population. 

Although the data presented herein were com- 
piled from a study of persons passing through the 
Naval Hospital, it includes information on in- 
dividuals in a wide range of age groups, personnel 
subjected to various conditions as a result of 
travel, persons working in the protective en- 
vironment of an American metropolis (Washing- 
ton D. C. area) and persons engaged in a variety 
of professions. It includes a great many patients 
referred to this hospital for different illnesses and 
for general medical examination. However, these 
data indicate the species of parasites encountered, 
and their incidences represent the trend in 
parasitism, over a given period. 

Perhaps the most enlightening information 
derived from a compilation of these data is the 
phenomenally low rates of infection in recent 
years with Entamoeba histolytica. It is believed 
that the trend of marked reduction of intestinal 
fauna, especially the protozoans, is reliable and 
indicative. As noted in Table 1 the greatest re- 
duction in protozoans occurred during the period 
of 1946 to 1951. Subsequent to 1951 the general 
trend for the protozoans is one of reduction but 
the decreases are not significantly great. Other 
surveys evaluating similar data obtained from 
military personnel and veterans during and im- 
mediately after World War II (Jacobs, et al., 
1946; Colvin, et al., 1947 and Lincicome, et al., 
1950) have attributed the greater rates of infec- 
tion with intestinal parasites during that period 
to the fact that these personnel may have re- 
turned to the United States with infections con- 
tracted in different where E. 
histolytica, etc., may have been prevalent. In this 


areas abroad, 
respect it should be noted that military personnel 
from 1946 to 1948 constituted a greater propor- 
tion of the samples studied than during the subse- 
quent period. 

Although one can only speculate upon the in- 
fluence of the recent wide use of new drugs upon 
certain of the intestinal protozoans it seems possi- 


ble that a reduction in these fauna may be at- 
tributed to the advent of antibiotics. Certainly 
such a great reduction in the amebas, E. his- 
tolytica, E. 


coli and Endolimax nana cannot be 
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satisfactorily explained on the grounds of im- 
provement of sanitation standards alone. 

Although the type of personnel as well as 
technics vary, it is of some interest to quote the 
findings of other investigators for the sake of com- 
parison. Sapero and Johnson (1939) examined 
naval recruits and reported infection rates of 7.8 
to 14.7% for E. histolytica, the latter figure being 
applicable to personnel from the Southern States. 
Taylor (1951) made a survey of approximately 
1,000 U.S. marines in North Carolina and showed 
that men with, and without, overseas experience 
had infection rates of 2.1 and 0.57%, respectively, 
for E. histolytica. More recently Jaskoski (1955) 
studied U. 8. Navy recruits at the Great Lakes 
Naval Training Center in Illinois and detected 
this parasite in 3.9 and 4.55%, respectively, ot 
young men from the northwestern and southeast- 
ern parts of the United States. Similar relation- 
ships were apparent for some of the other in- 
testinal protozoans. 

Except for hookworm infections for the year 
1946, possibly a carryover reflecting the influence 
of foreign service in strictly military personnel, 
the infection rates for the helminths are very low 
and their presence is erratic. Since a number of 
dependent children were included in the series 
each year, the rates for Enterobius and Ascaris 
are considerably lower than expected. As a mat- 
ter of fact, except for 1951 and 1952, hookworm 
was found more frequently than Ascaris. During 
the period of 1953 to 1956 a good proportion of the 
reported cases with Ascaris, hookworm, Entero- 
bius and Trichuris, as well as Trichostrongylus in 
1957, occurred in special individuals, e.g., groups 
of 5 or 6 stewards of Filipino descent whose stools 
were submitted to the Bethesda laboratory. 

Diphyllobothrium latum, Taenia solium and 
Schistosoma japoniucm are represented by in- 
dividual cases of infection. It seems likely that 
the majority of cases (identification based on 
eggs) listed as Taenia sp. are Taenia saginata. 
There is a single case with Clonorchis in which 
eggs were found in stools intermittently over a 
period of 7 years in a State Department official 
who had resided in China 15 years previously. 
He had been admitted to the hospital with liver 
and gall bladder complications. Schistosomiasis 
mansoni occurred in a visiting military graduate 
student from Venezuela. 

The overall trend in parasitism or the occur- 
rence of intestinal fauna is worthy of note. Al- 
though the decrease has not been great since 1951, 
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the overall incidence of intestinal protozoans has 
definitely declined since the end of World War II. 
Naturally it is encouraging to reveal such a re- 
duction in the parasites of man but at the same 
time, as suggested by Wright (1955), these fig- 
ures should not warrant complacency. With the 
exception of E. histolytica, the findings in this 
report agree with those of Wright discussing the 
current status of parasitism in the peoples of the 
southeastern part of the United States. In U.S 
Navy and allied personnel the data indicate a 
marked decrease in infection rates for E. his- 
tolytica from 1946 to 1951. Wright (1955) con- 
cluded, from the figures available to 
him that there was no marked reduction in the 


however, 


incidence of this parasite in recent years. 

There is also a general downward trend in the 
occurrence of worm parasites as indicated by the 
figures giving the percentage of individuals in- 
fected with one or more helminths. These figures 
are relative, however, and perhaps the actual 
Actually the 
rates for both protozoans and helminths are so 
low that a report of positive for only a few fecal 
specimens greatly influences the figures for com- 
Thus in the 1957 the 
rates for several of the protozoans and helminths 
are greater than recorded for some of the 


reduction of helminths is only slight. 


parative incidence. year 
pre- 
ceding years and it seems that this apparent ele- 
vation in incidence due to chance sam- 
with 
saginata, 


chance had come recently from a locality in which 


may be 
pling. several 


Enterobius, 


As an example, persons 


Trichuris and Taenia by 
the intestinal fauna were suspected of being more 
common than in the vicinity of Bethesda. 

The figures indicating the general trend of in- 
fection by helminths in personnel concerned in 
the present compilation are directly in contrast 
to those given by Birch and Anast (1957) report- 
ing on the population in the Chicago area. These 
authors concluded that helminthic diseases are 
definitely on the They also describe a 
redistribution of helminths as being due to the 
extensive travel by 


increase. 
Americans in areas endemic 
for parasites in recent years and to an influx of 
peoples from the southern part of the United 
States. Naturally the in the two 
studies cannot be satisfactorily compared since 
they deal with different types of population sam- 
ples. 


conclusions 


SUMMARY AND CONCLUSIONS 


Data have been compiled from approximately 


37,000 stool examinations upon military and 


E. 
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allied personnel passing through the Naval Hos- 
pital, Bethesda, Maryland. The figures indicate a 
general downward trend in the incidence of most 
intestinal fauna since World War II, the greatest 
apparent reduction of protozoans occurring dur- 
ing period prior to 1951. Although a point of con- 
jecture, it seems possible that the marked reduc- 
tion in protozoans, including E. histolytica, may 
be due to the extensive use of antibiotics in re- 
cent years. For most years hookworm is recorded 
more frequently than Ascaris. Enterobius occurs 
very infrequently considering the fact that chil- 
dren were included each year. During the 11 year 
period Diphyllobothrium latum, Taenia 
Clonorchis sinensis, Schistosoma japonicum and 


solium, 


S. mansoni are represented by single cases of in- 
fection. 
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STUDIES ON IMMUNITY TO 


SCHISTOSOMA 


MANSONI—II. THE 


CIRCUMOVAL PRECIPITIN REACTION TO S. MANSONI IN MICE 
TREATED WITH STIBOPHEN 


RAFAEL RODRIGUEZ-MOLINA,* FRANCISCO LICHTENBERG,+ JOSE 
OLIVER-GONZALEZ{ anp AMINA RIVERA DE SALA* 


Circumoval precipitins against Schistosoma 
mansoni, S. japonicum and S. hematobium have 
been detected in the sera of infected patients and 
mice.'. 2.4 Circumoval antibodies seemed to be 
stage specific, i.e., to arise only when eggs are 
present in the tissues, and successful treatment of 
infected with stibophen (Fuadin™) 
caused a marked diminution of the cireumoval 
activity in their sera within a year after therapy. 
These observations suggest that the positive 
circumoval reaction denotes an active infection, 


patients 


and that it becomes negative when infection 
reaches an inactive stage. It was assumed that 
conversion from positivity to negativity occurred 
after the absorption of worms and eggs by the 
host tissues, particularly as observed after treat- 
ment. The present work was undertaken in order 
to test the latter assumption by animal experi- 
ment. 


MATERIALS AND METHODS 


Mice of both sexes weighing from 20 to 30 
grams were exposed to known numbers of cer- 
cariae of S. mansoni. They were divided into two 
groups, one group to receive stibophen therapy, 
and an untreated group to be left as control. The 
equivalent of 10.2 mg per kilogram of body weight 
of trivalent antimony obtained by diluting the 
original drug in 0.9% saline was injected intra- 
muscularly, using the muscles of the hind legs. 
Higher doses were discontinued, since they re- 
sulted in numerous deaths. Drug therapy was 
commenced on the 70th day after exposure to 
cercariae, and the drug was given daily for 5 
successive days per week, until the animals were 
sacrificed. The mice were killed at regular inter- 
vals, blood was obtained previous to death by 
heart puncture or exsanguination from the axil- 

* General Medical Research Laboratory, Vet- 
erans Administration, San Patricio Hospital, San 
Juan, Puerto Rico. 

+t Department of Pathology, School of Medicine, 
School of Tropical Medicine, University of Puerto 
Rico, San Juan, Puerto Rico. 

t Department of Microbiology, School of Medi- 
cine, School of Tropical Medicine, University of 
Puerto Rico, San Juan, Puerto Rico. 
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lary artery. The blood sera were separated and 
stored at —15°C. 

At autopsy, small fresh fragments of liver and 
intestine were compressed between slides and 
examined microscopically, and the morphological 
appearance of the eggs was recorded. The 
mesenteric and portal veins were examined for 
the presence of adult worms. The tissues were 
then fixed in Zenker-formol for histopathological 
studies. 

The cireumoval tests were performed accord- 
ing to the technique already described.'. 4 The 
sera from all animals before and during therapy 
were tested together, in order to establish uni- 
formity of readings. Negative and known pos- 
itive were also included. 


RESULTS 


Circumoval tests in untreated and stibophen- 
treated mice. In the untreated animals the cir- 
cumoval test became positive beginning on the 
65th to the 70th days after exposure to cercariae. 
Observations on the sera could be continued only 
up to the 210th day after exposure to cercariae, 
since by that time all animals had died from the 
infection. This period of time is equivalent to the 
140th day of therapy in the treated group. The 
sera of the untreated animals were all positive for 
circumoval precipitins with a high percentage of 
eggs showing the reaction (Table 1). 

Results of the tests performed on the sera from 
mice which received the drug daily up to periods 
of 280 days are presented in Table 1. In the 
treated animals, positive reactions were obtained 
up to 210 days after onset of treatment, or 280 
days after infection, while negative tests were 
obtained with the sera beginning from the 220th 
up to the 280th day of therapy (Table 1). 
Throughout the time that the tests were positive, 


there was no appreciable change in the percent- 
age of eggs showing the reaction or the degree of 
precipitation. 


untreated 
mice showed active infection of liver and intestine 
through the 210th day of infection, without any 


Histopathological observations. All 
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TABLE | 


Circumoval precipitin reactions in the sera from 
mice infected with S. mansoni with 
and without stibophen 


Not Treated Treated 


Days 


Num- after ex-| Percent 


Degree 
of pre 
cipi- 

tation 


Percent 
of eggs 
therapy affected 


Degree Num- Dave 
, ber f of pre-| ber f 
of posure | of eggs cipi- o 
to cer- |affected 


> 
mice tation | mice 
cariae 


70 | 24. 3+ 


Fie. 1. 
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indication of decreasing intensity. The number 
and type of eggs varied, but embryonated and 
morphologically intact eggs were always found 
(Figure 1). 

Individual differences were also considerable in 
the treated animals and the following statements 
are based on a small number of observations. 
Treated mice resembled the controls up to the 
180th day of therapy, but on the average seemed 
to have a lighter infection and a smaller propor- 
tion of embryonated and morphologically intact 
eggs. Morphologically intact eggs disappeared 
after the 210th day, and, soon thereafter, no 
embryonated eggs, intact or degenerated, were 
detected. Only egg shells and calcified eggs were 
seen, persisting through the 280th day, mostly 
engulfed in giant cells or embedded in scar tissue 
(Table 2). Even these egg remnants were becom- 
ing smaller, more fragmented and were losing 
their previous refringence. Pigment showed a 
persistence similar to that of egg shell material, 
it was markedly diminished, but still present at 
the end of the period of observation. 

Concomitantly with the disappearance of em- 
bryonated eggs, the liver architecture improved, 
and the lesions entered a healing stage around 


Mouse No. 109 (210 days after initial exposure), liver. Hematoxylin-eosin, 430 magnifica- 
tions. Shows infection still active, egg with mature, degenerating miracidium, surrounded by large 
pseudotubercle containing histoid cells, lymphoid cells and numerous polymorphonuclear cells. Pig- 
ment particles are scarce, adjacent liver cells are largely normal, but reticuloendothelial cells are prom- 
inent. 
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the 210th day, when inflammation had largely 
subsided (Figure 2). 

A few eggs and pseudotubercles were seen in 
the lung, spleen or pancreas in the controls and in 


TABLE 2 
Conditions of eggs in sections of liver and intestine 
of animals treated with stibophen 


Sections of Liver Sections of Intestine 


Num- 
ber of 
mice 


Days of 4 
therapy ‘ ! 

p Live | Dead 
eggs | eggs 


Dead 
eggs 


Live 


eggs Egg shells Egg shells 


+ 0 
0 + } 0 
— - 0 
0 0 
+ 0 
+ 0 
0 0 
0 0 
0 t 0 
0 0 
0 (few); O 
0 (few) 0 
0 +. (few)| O 
0 + (very) 0 


otto 
+++4++4++++ 


+++++ 


(few) 
(few) 


%, 
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three of the treated animals. They followed the 
same pattern as the lesions in the liver. The in- 
testinal lesions seemed to become inactive some- 
what earlier than those in the liver. 

It is also noteworthy that live eggs were not 
encountered in the compressed preparations of 
the liver of 12 of the 16 treated animals (75%). 
This was even more striking in the intestines 
where no live eggs were seen in any of the treated 
animals. In sharp contrast, live eggs were seen in 
the sections of liver and intestines of the un- 
treated animals. Living adult worms of both sexes 
were observed in the mesenteric and portal veins 
in the untreated (control) mice. No adult worms 
were found in the mesenteric or portal veins in the 
animals beginning on the 210th day of therapy. 

DISCUSSION 

The results of this study indicate that in mice 
infected with Schistosoma mansoni and treated 
with stibophen, the circumoval precipitin test 
becomes negative beginning around the 210th 
day of therapy. This agrees with the previous 
contention that anti-egg precipitins become un- 
detectable once the source of antigen from the 
eggs has not been available for a certain length of 
time. 


Fic. 2.—Mouse No. 206B (280 days after beginning of treatment (or 350 days after initial exposure). 
Egg shell without embryo, in the center of a concentric scar, representing a healed pseudotubercle. 
Calcium and pigment granules also present, the latter abundant and intracellular. No active inflam- 
mation remains. 
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As to the pathological status of the infection, 
it is noted that the infection entered an inactive 
stage progressively, between the 180 and the 
240th day, and from then on, the tissue changes 
became largely cicatricial in type. As to the 
status of the eggs in the tissues, it was found that 
the change in the serological reaction and in the 
tissue reaction coincided with the disappearance, 
first, of the morphologically intact eggs, and 
later, of all embryonated eggs, so that only shells 
and calcified eggs were present in the tissues after 
the reaction had become negative. The original 
hypothesis on which this work was based, can 
therefore, be restated now with more established 
evidence: the circumoval reaction becomes nega- 
tive around the time when embryonated eggs 
disappear from the tissues and when the tissue 
reaction changes from an active inflammatory 
type to a quiescent, cicatricial type. It should be 
emphasized that the time range of these events 
has not yet been defined adequately, because of 
the small number of our observations. For prac- 
tical purposes, however, we may place all three 
events around the 210th day of treatment, with 
possible individual variations. As in all biological 
studies, total precision cannot be achieved. 

These observations have both theoretical and 


practical interest. As to the former, it seems likely 


that the source of antigen responsible for the 
circumoval precipitation phenomenon is the con- 
tents of the egg, i.e., miracidium and liquid 
medium, rather than the egg shell, since the re- 
action becomes negative even while recognizable 
egg shells still persist in the tissues. This further 
suggests that the miracidium and the shell may 
have different antigenic substances, and be re- 
sponsible for different phases or elements of the 
host reaction to the total egg. This hypothesis is 
no more than reasonable. 

The circumoval test, as described previously, 
and as performed in this study, does not exclude 
the possibility that small amounts of undetecta- 
ble antibody still exist. Also the test does not give 
true quantitative determinations of antibody and 
significances should be attributed only to nega- 
tive or positive reactions. 

It is well established that stibophen affects the 
reproductive organs of the worm in such a manner 
that oviposition is greatly reduced. The manner in 
which the drug was administered to the mice, 
that is, giving it daily for prolonged periods of 
time, undoubtedly enhanced the parasiticidal ef- 
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fect. Since no adult worms or eggs were en- 
countered in the mice receiving the drug for 
longer than 210 days, it is assumed that complete 
clearance was due to the drug administration. 

Since in the untreated group of mice observa- 
tions were limited to only 210 days after exposure 
to cercariae, the possibility still remains that if 
the animals had lived as long as the treated ones, 
the adult worms might have died due to other 
factors, and therefore, no eggs would have been 
found in the tissues. However, the point empha- 
sized is that the circumoval reaction becomes 
negative after eggs disappear from the tissues. 

The clinical implications that the above ob- 
servations may have when applied to human in- 
fections with S. mansoni will bring, it is believed, 
significant aid in arriving at a correct diagnosis in 
those cases in which ova are not found in stools 
or in the rectal biopsy, in determining the prog- 
nosis in a given case, and particularly when 
evaluating the effectiveness of treatment. The 
circumoval precipitin test may be then employed 
as another criterion to determine results of treat- 
ment, along with the examination of the stools, 
rectal biopsy, and other clinical manifestations 
of the disease, such as changes in symptoms, in 
physical findings and in other laboratory data. 

The absence of circumoval precipitins following 
extermination of infection under treatment, as 
observed in the present study, corroborates pre- 
vious results in humans treated intensively with 
stibophen*. 

The authors believe that the circumoval pre- 
cipitin reaction is of value in determining cessa- 
tion of infection, either as a result of chemo 
therapy or due to spontaneous cure. 


SUMMARY 


1. Mice infected with Schistosoma mansoni for 
70 days were treated with stibophen (Fuadin*) 
given intramuscularly, at a dosage of 10.2 mg 
per kilo, and administered daily over 5 days a 
week, for periods up to 280 days. Another group 
of untreated mice was left as controls. 

2. The animals were sacrificed at regular in- 
tervals, the blood serum was tested for cireumoval 
precipitins and the liver and intestine examined 
microscopically for eggs. 

3. The liver and intestine of the untreated 
mice which lived up to 210 days after exposure to 
cercariae contained live eggs. The circumoval test 
Was positive in all animals tested. 
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4. Positive circumoval precipitin tests were 
observed in the treated mice up to the 210th day 
of therapy, while negative tests were observed in 


the serum from mice past the 210th day of 


therapy. The liver and intestine became negative 
for embryonated and intact schistosome eggs, as 
determined by examination of tissue sections and 
compressed slices of fresh tissues beginning on 
the 210th day of therapy. The negativity of the 
circumoval test is therefore substantiated by the 
absence of embryonated and intact eggs from 
the tissues. 

5. Since the circumoval precipitin reaction 
becomes negative at a certain time after or dur- 
ing prolonged therapy, it is suggested that the 


test may be of value in determining extermina- 
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tion of infection as a result of therapy, or due to 
other factors. 
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SEASONAL EFFECT OF HEAVY RAINS ON THE POPULATION DENSITY OF 
AUSTRALORBIS GLABRATUS IN A PUERTO RICAN WATERSHED! 


WILLIAM B. ROWAN? 


Populations of Australorbis glabratus in Puerto 
Rico have been observed to undergo marked 
fluctuations from one year or one season to the 
next. These fluctuations are undoubtedly de- 
pendent on many biological and ecological fac- 
tors, few of which are well understood at the 
present time. It is often said that heavy rainfall 
in a local area is instrumental in decimating a 
snail population because of the intermittent 
flooding that occurs, and preliminary data relat- 
ing to this factor have been reported recently 
(Pimentel and White, 1958). Since intermittent 
flooding, artificially induced, has been considered 
as a possible means of snail control, a more ex- 
tensive study of the effect of flooding was ini- 
tiated in November 1956 in the upper reaches of 
the Guaynabo River in the barrio of Hato 
Neuvo. The study was continued throughout 
one wet season and two dry seasons and con- 
cluded in May 1958. 


DESCRIPTION OF THE STUDY AREA 


The Guaynabo River originates in hilly coun- 
tryside, typical of inland Puerto Rico, at a point 
approximately seven miles south of San Juan. 
The smaller, upper tributaries of the river flow 
through sparsely settled farm and pasture land 
from west to east to join in the more heavily 
settled rural community near the center of the 
barrio. Downstream from this community the 
main channel continues east and transects a dairy 
pasture, receives one large tributary from the 
south and then turns abruptly north to continue 
to the sea. The study area was considered to 
include all tributaries upstream from the abrupt 
turn to the north (Figure 1), an area varying in 
altitude mostly from 300 to 700 feet, and en- 
closing a drainage basin of 3.4 square miles with 
15 linear miles of stream. 

During November and December, 1956 all 
tributaries and the main stream including lateral 

1From the Communicable Disease Center, 
Bureau of State Services, Public Health Service, 
U.S. Department of Health, Education, and Wel 
fare, San Juan, Puerto Rico. 
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pools and seepage areas were surveyed for the 
presence of A. glabratus. No snails were found in 
the main stream. At this time the snail was found 
to be present in only five lateral environments and 
a small section of one tributary as indicated in 
Figure 1 (A-F). These areas are described as 
follows: 

A. A hillside seepage area of approximately 
700 square feet, altitude 400 feet. Drains down a 
steeply sloping bank and enters a tributary at an 
altitude of 370 feet. Small and medium sized 
snails occurred in practically all of the many 
water-filled hoofprints that were present. 

B. A farm pond. Area 10,000 square feet. 
Altitude 360 feet. Not connected with the neigh- 
boring tributary. A few large snails present. 

C. A steep, grass covered seepage bank with an 
area of 500 square feet, altitude 400 feet. Drains 
directly into a nearby tributary. A few snails of 
all sizes present in water-filled hoofprints. 

D. A large seepage area, 10,000 square feet, 
adjacent to a tributary. Altitude 360 feet. No 
permanent connection to the tributary. Snails of 
all sizes abundant in small pools and in hoofprints. 
Living snails found occasionally on a dry gravel 
wash between this area and the tributary indi- 
cated that heavy rains occasionally flood the area, 
probably washing snails into the stream. 

E. A shallow section of stream between C and 
D with a volume of flow of one to two cubic feet 
per second. A few medium sized snails present. 

F. A swamp-like section in one tributary char- 
acterized by water-filled hoofprints and deep 
lateral diversions of the channel. Area 10,000 
square feet. Altitude 330 feet. Many snails of all 
sizes present, large snails being the most numer- 
ous, 

G. A 4,500-foot section of the main channel 
flowing through a dairy pasture. Average gradient 
0.7 percent. Depth varies from a few inches to 
two feet. Four to 15 feet wide. Although no snails 
were present in this section in December they had 
begun to appear by early February. This section 
was selected for seasonal population studies. The 


first quantitative survey was made on February 


27, 1957. 
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Fig. 1. Sketch map of study area of Guaynabo 
River, Rico. The letters refer to study 
areas described in the text. 
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METHODS AND MATERIALS 


The procedure used for estimating A. glabratus 
populations in flowing water was as follows: The 
4,500 feet of main channel was marked off into 
18 sections, each 250 feet long. Using a long- 
handled screen dipper ('¢ inch pore size, area 0.5 
square feet) survey teams, each consisting of one 
man to dip and one to record, moved through the 
area sampling the population in every section. 
The dipper made 50 dips per section, more or less 
evenly spaced, allowing himself 10-15 minutes for 
complete coverage of the section. Dipping was 
selective, the intention being to recover as many 
snails as possible. The number of small, medium, 
and large snails, living or dead, was recorded. 
Small snails were considered to be from 0-10 mm. 
in diameter, medium 11—20 mm., and large 21-30 
mm. The quantitative survey was repeated at 45 
day intervals during the study period. 

Measurements of the volume of flow of the 
water and of the water level rise during flash 
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floods were taken at 
months in the main 


3 to 4 day intervals for 17 
channel (at H, Figure 1), 
usually on Tuesday and Friday in the early 
morning. The volume of flow measurements 
were made using the Embody formula as de- 
scribed by Welch (*948). A white painted pipe 
positioned near one side of the channel at H 
served as a recorder of floods. High water left a 
silted water mark on the pipe which was looked 
for twice each week and then removed with soap 
and water. 

In addition to the quantitative snail survey and 
the water volume and depth measurements, the 
upland snail breeding areas were visited every 45 
days in order to observe seasonal changes in the 
habitats and in the snail populations they con- 
tained. 


RESULTS 


The results of the stream surveys of snail pop- 
ulations and of the water volume and flashflood 
measurements are summarized in Figure 2. The 
average monthly rainfall for two stations in the 
San Juan area is also included in the graph. 


Twenty-two floods of varying severity were noted 
during the study period. The measured volume of 
flow of water in the channel varied from 2.0 to 
47.7 cubic feet per second with an over-all aver- 
age of 9.0 cfs. During the months in which no 
heavy rains occurred (February, March, April of 
1957 and 1958, and May 1957), the flow averaged 
6.3 cfs as compared with an average of 10.9 cfs 
for the other months of the year. The methods 
used did not permit careful determination of the 
volume of water passing through the channel 
during flooding. However, by comparing water 
level on certain days with volume readings taken 
those days, it was learned that a five-inch rise in 
water level at the location of the pipe represented 
a volume of flow of at least 15 cfs, a 10-inch rise 
25 cfs, and a 15-inch rise 45 efs. The channel at 
the pipe was approximately 15 feet wide, bor- 
dered by a vertical bank on one side and an ir- 
regular but steep slope (30-40 degrees) on the 
other. 

In general, it was found that the density of the 
snail population in the stream increased consist- 
ently during the drier months of the year and 
fluctuated markedly during the wetter months. 
During the exceptionally dry, dry season of 1957 
the number of snails began to increase in Febru- 
ary, small snails being the most abundant at that 
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time. The number of small snails reached a peak 
in April and remained high through May, to 
decline abruptly in early July. The number of 
snails of medium size also reached a peak in April 
but continued high into July, and large snails 
increased in numbers steadily to a peak in May 
and then remained abundant into July. Empty 
shells constituted 7.6, 8.5, and 3.2% of the May 
counts for large, medium, and small snails re- 
spectively. In July, empty shells formed 18.2, 6.6, 
and 5.0% of the total population of large, me- 
dium, and small snails respectively. These were 
the only two survey periods during the study 
when dead snails appeared in appreciable num- 
bers. On August 13 a severe flood (25 inch rise in 
water level) greatly depleted the snail population. 
Following this flood, the small and medium sized 
snails, but not the large snails, recovered in 
numbers to a remarkable degree in spite of the 
occurrence of additional floods of lesser intensity 
(5-15 inches). Another severe flood on November 
14 again destroyed the population, but again the 
numbers of small and medium sized snails re- 
covered to nearly pre-storm level. A flood of 30 
inches on January 15, 1958 probably removed 
most of the colony for a third time. However, 
by the next survey date on February 18 snails 


1956 


Effect of flood levels, total rainfall, and volume of flow on snail population on Guaynabo 


were again present in moderate numbers. No 
floods occurred from January 15 to May 6, 1958. 
During this dry season the marked increase in 
density of small snails observed the previous year 
did not occur. By April the number of snails 
in the medium size range had reached 75% of the 
1957 level, and also by April the number of large 
snails had increased appreciably for the first time 
since the previous August. 

In the upland breeding areas (Figure 1, A—F) 
no consistent seasonal changes were noted re- 
garding either the population density of the 
snails or their size distribution. Locations C and D 
became dry during February and March, 1958 
and no active snails were observed at these loca- 
tions throughout the remainder of the study. 


DISCUSSLON 


On the basis of these data it is doubtful if 
intermittent flooding, artificially induced, would 
be a practical method to use in streams for the 
control of A. glabratus. The snail exhibits a re- 
markable ability to withstand floods of much 
greater magnitude than could be created arti- 
ficially in most streams at a feasible cost. Of the 
22 floods recorded during the study period only 
five, represented by an increase in water level of 
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25 inches or more (August 13, November 5, No- 
vember 14, 1957; January 14 and May 6, 1958), 
had a marked effect on the population density of 
the snail. An 18-inch flood on June 15, 1957 may 
have been responsible for the sharp reduction in 
numbers of small snails and slight drop in the 
density of large snails observed in July, but these 
declines may have been due to other causes. These 
results are in agreement with data presented by 
Pimentel and White (1958), who report a marked 
reduction in the snail population of the Quebrada 
Dona Ana following one severe flood (41-inch 
rise), but slight or no reduction immediately fol- 
lowing floods of lesser degree (2-23 inches). 

The 45 day interval between population sur- 
veys is considered too long to permit many 
conclusions regarding the population dynamics of 
A. glabratus in the stream. Repopulation occurred 
repeatedly following severe flooding, probably 
partly as a result of eggs attached prior to the 
flood to marginal vegetation. A. glabratus is a 
prolific species, producing several hundred eggs 
per week in the laboratory. The young snail 
hatches from the egg in from 5 to 9 days and 
development to maturity (medium size range) 
requires only 4 to 8 weeks (Chernin and Michel- 
1957; Rowan, 1958 others). 
quently, the repopulation rates observed are not 


son, and Conse- 
surprising. There is some evidence of a shift in 
size and, hence, age distribution from small to 
large snails during the long dry season of 1957. 
It appears that the population may have ap- 
proached a maximum level for this section of 
stream by mid-May and the occurrence of nu- 
merous empty shells representing all three size 
groups may reflect in May and July the result of 
some fatal pathogen passing rapidly through the 
crowded colony at this time. More frequent sur- 
veys throughout the year, e.g. every 2 weeks, are 
needed in studies where this type of information 
is sought. 

In contrast with the extreme changes in popu- 
lation density observed in the main stream, the 
numbers of snails in the upland breeding areas 
(Figure 1, A-F) seemed to remain relatively 
stable from one season to the next. Since several 
of these seepage areas were found to connect with 
important tributaries of the main stream, these 
areas may serve to supply small snails or eggs to 


the main stream thereby augmenting the repop- 


ulation rate following severe floods. If so, these 
upland breeding areas are an important factor in 
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the ecology of the species in this situation and 
probably in many other similar north coast 
streams. Perhaps destruction of these upland 
colonies by drainage or other means would delay 
repopulation of downstream sections, especially 
during the wetter months of the year. 

As stated previously, the Guaynabo watershed 
was examined with care in November and De- 
cember 1956 and no snails were found in the main 
stream. Yet, two months later snails were present 
in the channel in relatively large numbers. Ap- 
parently it is impossible to judge, on the basis of 
one or two cursory surveys, whether or not an 
area is a suitable habitat for the vector snail. 
Studies concerned with the relative suitability of 
various habitats should, therefore, be based on 
repeated quantitative surveys covering a con- 
siderable period of time. Similarly, when experi- 
mental snail control in a watershed is planned, 
adequate baseline population data must be col- 
lected before experimental work is done. In the 
writer’s opinion, such baseline data in Puerto 
Rico should consist of quantitative population 
density records collected periodically over at 
jeast 114 and preferably 2 years. 


SUMMARY 


A study was made of the seasonal effect of 
heavy rains and consequent flooding on the 
abundance of Australorbis glabratus in a 4,500-foot 
section of the Guaynabo River in Puerto Rico. 

Twenty-two floods varying in degree were 
noted during a 17-month period. Of these, only 
five or possibly six were of sufficient magnitude 
(25 inches or more rise in water level) to decimate 
the stream snail population. Recovery after such 
severe storms was rapid in spite of repeated floods 
of a lesser degree (5-18 inches). It is suspected 
that upstream lateral seepage areas which serve as 
permanent breeding foci for the snail may play 
a role in repopulation of the main stream follow- 
ing severe floods. 
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EFFECTS OF SEVERAL METABOLIC INHIBITORS ON THE SURVIVAL AND 
GROWTH OF ENTAMOEBA HISTOLYTICA 
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Department of Biology, University of Southern California, Los Angeles 7, California, and Institute of 
Medical Research, Huntington Memorial Hospital, Pasadena, California 


In spite of the unavailability of an axenic cul- 
ture of Entamoeba histolytica on a defined medium, 
many investigators have attempted to study the 
metabolic pattern of the ameba. Such metabolic 
studies have centered upon the anaerobic break- 
down of carbohydrates (Bradin and Kun, 1952, 
1953; Rees et al., 1953; Baerstein et al., 1954; 
Entner and Anderson, 1954; Entner and Hall, 
1955; Becker and Geiman, 1955; Kun et al., 1956; 
Hilker and White, 1958; Entner, 1958). In these 
studies, large numbers of amebae have to be 
harvested and washed free of the accompanying 
bacteria. Some difficulties necessarily are entailed 
in this procedure. The amebae can be injured 
easily by the washings and the metabolic activi- 
ties of the amebae are studied in an environment 
different from their normal environment. 

In our laboratory, this problem has been ap- 
proached by studying the effects of metabolic 
inhibitors on the amebae and the accompanying 
bacteria and evaluating these effects to assess the 
importance of some steps in the carbohydrate 
metabolism. 

The inhibitory effects of many cellular and 
systemic poisons have been traced to a single 
step or steps in the energy yielding reactions 
during the metabolic breakdown of carbohy- 
drates. Such inhibitors were added to the medium 
in which the amebae normally grow. The effects 
of the inhibitors on the survival and growth of 
E. histolytica and the associated bacteria were 
then studied. The failure of amebae to survive or 
grow in the presence of a particular inhibitor 
would indicate that the enzymatic sequence which 
was interrupted by the inhibitor might be im- 
portant in the metabolism of the amebae. 

1 This work was sponsored by the Commission 
on Enteric Infections of The United States Armed 
Forces Epidemiological Board and supported by 
the Office of the Surgeon General, Department of 
the Army, Washington 24, D. C. 

2 Present address: Department of Pharma- 
cology, School of Medicine, University of Southern 
California, Los Angeles 7, California. Grateful 
acknowledgment is given to Drs. James N. De 
Lamater and Walter E. Martin for their continu 
ous guidance and support 


The inhibitors were selected because of their 
ability to penetrate the cells, their effective pH 
range and their specificity. Inhibitors used in the 
following experiments can be divided into three 
groups. The first group including iodoacetate and 
fluoride is active against two different steps in 
glycolysis. The second group including cyanide 
and azide which interrupt the electron transport 
chain, and fluoroacetate which inhibits a step in 
the Krebs tricarboxylic acid cycle, is used to in- 
hibit aerobic oxidative processes. The third group 
contains two arsenic compounds: the pentavalent 
arsenate, inhibitory against the formation of high 
energy phosphate bonds, and the trivalent arse- 
nite, inhibitory against sulfhydryl containing en- 
zymes, especially those involved in the oxidation 
of a-keto acids. 


MATERIALS AND METHODS 


Cultures of E. histolytica, DKB strain? (human 
origin), with mixed flora as bacterial associates 
were used throughout this series of experiments. 
All experiments were repeated with the use of two 
other cultures of the same strain of amebae with 
different bacterial associates. The bacterial asso- 


ciates of the two cultures were primarily Escher- 
ichia coli and Clostridium perfringens, respec- 
tively. Later examination revealed the presence of 
an unidentified gram negative bacillus in both of 
these cultures. The egg infusion medium of Bala- 
muth and Sandza (1944) was used as experimen- 
tal medium. 


The inhibitors, and substrates such as cysteine 
hydrochloride and pyruvate, were dissolved in 
distilled water and sterilized by filtration through 
a Selas candle using suction. The amount of in- 
hibitor or substrate in the initial solution was so 
calculated that 0.1 ml of the filtered solution 
added to the culture tube would give the final 
desired concentration. For each experiment sev- 
eral concentrations of a particular inhibitor were 

’ Obtained from Dr. Fred Ryden, Vanderbilt 


University, School of Medicine, Nashville, Ten- 
nessee, June 6, 1949. 
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selected for use. They are generally in an optimal 
range for the inhibition of a particular enzyme 
system. 

For each experiment, 3 tubes of 48 hour cul- 
tures of EF. histolytica were selected at random 
from the stock cultures. From each of these tubes, 
0.4 ml of the sediment was drawn. The sediments 
from the 3 tubes were pooled in a sterile test tube 
and the resultant 1.2 ml of culture fluid contain- 
ing amebae were mixed thoroughly. After mixing, 
0.1 ml of the amebic suspension was introduced 
into each experimental tube and the number of 
amebae in the suspension was counted in a hemo- 
cytometer. Tubes were inoculated in duplicate 
for each of the concentrations of the inhibitor 
used as were control tubes to which no inhibitor 
had been added. After inoculation, the tubes were 
incubated at 37° C. In experiments using cultures 
of amebae containing Cl. perfringens as bacterial 
associate, one set of duplicate tubes was incu- 
bated anaerobically in a Brewer’s jar. 

The experimental cultures were examined for 
survival and growth of the amebae at the end 
of 24 and 48 hours. A small drop of the sediment 
from each culture was examined under the micro 
scope. The finding of one or two actively motile 
amebae in more than one low power field was 
used as indication of survival. Cultures showed 
usually twenty or more actively motile amebae in 


TABLE 1 
E ffe ct of iodoacetate, fluor ide, arsenate and arsenite 
on the survival and growth of FE. histolytica 


Amebae* , 
Bac 


teria 
48 hrsf 


Concen 


Inhibitor tontlon 


24 hrs 48 hrs 
None 
0.04 mM 
0.10 mM 
None 
0.05 mM 
0.10 mM 
None 

1.0 mM 
5.0 mM 
None 
0.025 mM 
0.10 mM 


0.596 
0.404 
0.390 
0.444 
0.492 
0.492 
0.536 
0.532 
0.344 
0.590 
0.570 


odd) 


0.572 


lodoacetate 


Sodium arsenate 


Sodium fluoride 


Sodium arsenite 


0 Indicates sur- 
++ Indicates 


- Indicates no survival. 
vival + Indicates growth. 
good growth. 

+t In Klett readings. 


Cc. 
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TABLE 2 
Effect of cysteine hydrochloride and sodium pyruvate 
on the inhibition of survival and growth of E. 
histolytica by iodoacetate 
Amebae* Bac 
teria 


48 hrst 
24 hrs/48 hrs 


Sodium 
pyruvate 


Cysteine 


lodoacetate HCl 


None 
None 
0.10 mM 
0.10 mM 
0.10 mM 


None 
None 
None 
5.0 mM 
None 


None 
50.0 mM 
50.0 mM 
None 
None 


.526 
.654 
524 
.5388 
. 294 


* Symbols as in Table I. 


Tt In Klett readings. 


TABLE 3 
Effect of azide and cyanide on the 
growth of E. histolytica 


survival and 


Amebae* B 


: ac- 
Inhibitor —— teria 
. 48 hrs? 


24hrs 48 hrs 


None 
0.5 mM 
1.0 mM 
None 
0.5 mM 
1.0 mM 
None 
1.0 mM 
5.0 mM 


.576 
116 
.106 
.590 
.604 
.520 
.570 
.528 
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Sodium azide 


Sodium cyanide 


Sodium fluoro- 
acetate 


* Symbols as in Table I. 
+ In Klett readings. 


each of five or more low power fields and this 
was used as an indication of growth. Fifty or more 


amebae occurring under a low power field usually 


indicated good growth. The abundance of bacterial 
growth was assessed at the end of 48 hours of 
incubation by the turbidity method. The stand- 
ard plate count method was occasionally em- 
ployed as a comparison. Each experiment was re- 
peated at least 3 times. 
RESULTS 

The results of experiments using amebic cul- 
tures with mixed flora are summarized in Tables 
1, 2, and 3. Experiments using cultures of amebae 
associated with E. coli or Cl. perfringens yielded 
essentially similar consistent results. The two 
sets of experimental cultures of amebae contain- 
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ing Cl. perfringens incubated aerobically and 
anaerobically also showed similar results. 

As shown in Table 1, 10-* M iodoacetate in- 
hibited the survival of EZ. histolytica. The bacterial 
population, however, was also reduced. Sodium 
fluoride at a concentration of 5 « 10-* M did not 
inhibit the survival and growth of the amebae. 
Arsenate and arsenite at a concentrationof 10-* M 
were both effective in inhibiting the survival of 
the amebae. As arsenate and arsenite did not 
reduce the bacterial population, their effects on 
the amebae were most likely to be direct. 

To study further the action of iodoacetate on 
the amebae, cysteine hydrochloride or sodium 
pyruvate was added to the experimental cultures. 
The results are summarized in Table 2. The pro- 
tective action of cysteine hydrochloride against 
the inhibition of survival of the amebae by iodo- 
acetate was clearly demonstrated. Although the 
addition of 5 x 10-? M sodium pyruvate increased 
the bacterial population, it did not have any 
effect on the survival of the amebae. Evidently 
the increase of bacterial population could not be 
the reason for the protective action of cysteine 
hydrochloride. This provided some evidence for 
the direct action of iodacetate on the amebae. 

In Table 3, the similar effects of sodium azide 
and sodium cyanide are noted. At a concentration 
of 10-* M of either inhibitor, the survival of F. 
histolytica was not inhibited. Sodium azide or 
sodium cyanide at a lower concentration of 5 x 
10-4 M allowed distinct growth of the amebae. 
Sodium azide was particularly effective in re- 
ducing the bacterial population. At a concentra- 
tion of 5 X 10-4 M, it reduced the bacterial pop- 
ulation to 1/200th of the original population. 
The bacterial population thus can be substan- 
tially reduced without effect on the growth of the 
amebae. 

Since hydrocyanic acid is volatile, the presence 
of cyanide was checked by the method of Getter 
and Goldbaum (1947). At an initial concentration 
of 10-* M cyanide, the culture fluid contained 
more than 10-' M cyanide after 24 to 48 hours of 
incubation, thus adequate concentration of cya- 
nide was present during the incubation period. 


DISCUSSION 


The results obtained here in relation to the 
metabolism of EF. histolytica are necessarily in- 
direct. Direct results can be obtained by study- 
ing the rate of carbon dioxide production, identi- 
fication of metabolic products and the study of 
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different enzyme systems of the washed amebae. 
Here, instead of freeing the amebae from the 
accompanying flora, the effect of the inhibitors 
on the amebae were assessed differentially in the 
presence of the bacteria. It has the advantage of 
studying the amebae in a more normal environ- 
ment. 

lodoacetate has been used as an effective in- 
hibitor against many sulfhydryl containing en- 
zymes. At the concentration of 10-4 M, inhibitory 
to the survival of EF. histolytica, it is specifically 
active against 3-phosphoglyceraldehyde dehy- 
drogenase (Cori, Slein, and Cori, 1948). The 
inhibition of the survival of E. histolytica by iodo- 
acetate through its action against sulfhydryl con- 
taining enzymes is further substantiated by the 
protective action of hydrochloride 
against iodoacetate inhibition. Thus sulfhydryl 
containing enzymes, especially 3-phosphoglye- 


cysteine 


eraldehyde dehydrogenase, might be important 
in the metabolism of EF. histolytica. 

Arsenate has been used to inhibit the formation 
of high energy phosphate bonds (Needham and 
Pillai, 1937). In the oxidation of 3-phosphoglycer- 
aldehyde, phosphorylation takes place simul- 
taneously. The inhibition of phosphorylation, 
such as the oxidative phosphorylation of 3-phos- 
phoglyceraldehyde, by arsenate could possibly be 
the mechanism of inhibitory action of arsenate 
on the survival of the amebae. 

Fluoride inhibits the formation of phospho- 
enol-pyruvate catalyzed by enolase (Lohman and 
Meyerhof, 1934). From the results here, enolase 
seemed to be unimportant in the metabolic 
pathway of E. histolytica. The inhibition of 
enolase by fluoride depends upon sufficient con- 
centrations of magnesium, phosphate and fluoride 
ions. In a whole cell system, the concentrations of 
the three ions within the cells may not be the 
same as those of the medium. The possible im- 
portance of an enolase system in amebic metab- 
olism therefore can not be completely ruled out. 

Cyanide and azide interrupt the aerobic oxi- 
dative processes by reacting with cytochrome 
oxidase (Stotz, Altschul, and Hogness, 1938; 
Keilin, 1936). Cyanide and azide at concentra- 
tions effective against cytochrome oxidase did not 
inhibit the survival of E. histolytica. This indi- 
cates that the cytochrome oxidase system is not 
important in the metabolic pathway of the ame- 
bae. 

Fluoroacetate interrupts the operation of the 
Krebs tricarboxylic acid cycle by the formation 
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of fluorocitrate which is an effective inhibitor of 
aconitase (Peters and Wakelin, 1953). As amebae 
grew well in the presence of fluoroacetate, the 
role of aconitase in amebic metabolism cannot be 
important. 

Arsenite is inhibitory to reactions catalyzed by 
sulfhydryl containing enzymes (Voegtlin, 1931), 
especially the oxidation of a-keto acids (Krebs 
and Johnson, 1937). As arsenite at low concentra- 
tion inhibits the survival of EZ. histolytica, the 
importance of sulfhydryl containing enzymes in 
amebic metabolism is further indicated. As arse- 
nite can be readily oxidized to form arsenate, its 
inhibitory action can be partly due to the pres- 
ence of arsenate. 

Baernstein et al. (1957), using microcultures of 
E. histolytica inoculated with single trophozoites, 
found fluoride, arsenate and cyanide effective in 
inhibiting the growth of the amebae. The concen- 
trations of the inhibitors were in general much 
higher than the concentrations employed here. 

Recently, Hilker and White (1958) reported 
the presence of Entner-Doudoroff pathway of 
glucose metabolism in £. histolytica using cell-free 
preparations of the amebae. Their observation 
was extended to washed amebae by Enter (1958). 
The importance of the Enter-Doudoroff pathway 
in the carbohydrate metabolism of EZ. histolytica 
remains to be evaluated. 

The weight of evidences discussed above favors 
the idea that the Krebs tricarboxylic acid cycle is 
not important in the metabolism of EZ. histolytica. 
The failure of pyruvate to restore the survival of 
the amebae inhibited by iodoacetate further 
strengthens this viewpoint. This is to be expected 
since amebae grew well in a completely anaerobic 
condition. At least part of the glycolytic scheme, 
the oxidative phosphorylation of 3-phosphoglycer- 
aldehyde, seems to be important in amebic me- 
tabolism. Recently, Kun et al., (1956) reported 
the possible involvement of the dehydrogenation 
of phosphoglyceraldehyde with the formation of 
H.S in amebic metabolism. Together with the 
present report, they point to the importance of 
glycolytic breakdown of carbohydrates in the 
metabolism of E. histolytica. 


SUMMARY 


1. The effects of metabolic inhibitors on the 
survival and growth of Entamoeba histolytica, 
DKB strain, with 3 different associate bacterial 
floras have been studied and evaluated. 


2. Inhibitors active against enzymes containing 
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sulfhydryl groups, as iodoacetic acid and sodium 

arsenite, are effective in inhibiting the survival 

and growth of EF. histolytica. 

3. Inhibitors active against phosphorylation, 
such as sodium arsenate are effective in inhibiting 
the survival and growth of E. histolytica. 

4. Glycolytic inhibitors including iodoacetic 
acid and sodium arsenate are effective against 
the survival and growth of E. histolytica. Their 
inhibitory effects on the amebae are most likely 
direct. Sodium fluoride, another glycolytic in- 
hibitor seems not to be effective against the sur- 
vival and growth of the amebae. 

5. Inhibitors active against the enzymes of 
Krebs tricarboxylic acid cycle, such as potassium 
cyanide, sodium azide, and sodium fluoroacetate 
are not effective against the survival and growth 
of E. histolytica. 
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Resistance of the house fly, Musca domestica 
L., to organic phosphate insecticides was reported 
from Denmark by Keiding (1956) who found 
varying degrees of resistance in field strains of 
house flies to Bayer 21/199 (Co-Ral), Diazinon 
and Parathion. Lindquist (1957) reported phos- 
phate resistance in the United States. Flies from 
dairy farms in Florida were found resistant to 
malathion and to Bayer L 13/59 (Dipterex). 
Labrecque and Wilson (1957) reported malathion 
resistance in house flies from poultry farms in 
Florida. Since then, Kilpatrick and Schoof (1958), 
Fay et al. (1958), Schoof and Kilpatrick (1958) 
and Hansen (1958), have reported house flies 
resistant to phosphate insecticides. 

House flies at the Louisiana State University 
poultry farm could no longer be controlled suc- 
cessfully with malathion by mid-summer of 1957. 


Malathion had been used exclusively for approxi- 


mately 3 years, during which time an intensive 
control program had been carried on with short- 
interval applications. Prior to the use of malath- 
ion, chlorinated hydrocarbons, primarily DDT, 
were used less intensively since fewer of the birds 
were in cages and the fly problem was less severe. 
Because of the poor control being obtained with 
malathion, studies were undertaken to determine 
if house flies from the poultry farm were resistant 
to this insecticide and to determine the degree of 
resistance to other insecticides. 


MATERIALS AND METHODS 


A colony of adult house flies, T, strain, was 
obtained from the poultry farm and brought to 
the laboratory for resistance studies in October 
1957. Other colonies, Ts and T; , were taken from 
the same locality in October and December 1958. 
A colony of Orlando, Florida susceptible flies was 
maintained for comparison during these studies 
on resistance. 

Standard CSMA media was used in rearing 
larvae. The adults were fed a milk, water, and 
sugar solution. The flies were reared and the 
adults were held following treatment in tempera- 
ture controlled rooms at 80°F. Insecticides were 
applied topically in acetone solutions with a 
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TABLE 1 
Insecticide resistance in a field strain of house flies, 
L. S. U. Poultry Farm, Baton Rouge, Louisiana 


LDw’s Micrograms Per Fly 


Insecticid 
— Orlando, 
Florida 
Susceptible 


Ti Strain 


DDT 
Malathion 
Methoxychlor 
Bayer 21/199 
Korlan 
Diazinon 
Dicapthon 
Lindane 


0.230 > 100. 
0.800 ) 29. 
0.850 s 14. 
0.096 ) 

0.120 . 0. 
0.058 , 

0.072 

0.280 


microsyringe to the thoraces of flies anesthetized 
with CO,. An LDs5o was established in micro- 
grams per fly on 3 to 5 day old females. Five 
dosage levels with 50 flies per dosage level and 2 
replications of each dosage level were used in 
establishing LD5o values. The flies were placed in 
screen covered pint Mason jars after treatment 
and mortality counts were made 24 hours later. 


RESULTS AND DISCUSSION 


The relative tolerance of the T,; and Orlando 
susceptible strains of flies to various insecticides 
is shown in Table 1. A high degree of resistance 
to malathion and DDT with varying degrees of 
lesser resistance to the other insecticides tested 
was found in the T; strain of flies. The T; strain 
retained a high degree of resistance to DDT even 
after three years of non-exposure. 

In order to determine whether the T; strain 
had lost resistance under prolonged laboratory 
rearing conditions LDsos for malathion and DDT 
were redetermined using individuals of the 12th 
generation. No loss of resistance was apparent at 
this time. However, when a similar check was 
made at the 17th generation, a great loss in re- 
sistance was found. LDs»9 values for malathion 
and DDT had dropped from 29 to 3.4 and from 
>100 to 2.4 micrograms per fly, respectively. 
Because of the loss in resistance between the 12th 
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TABLE 2 
Degree of resistance found in house flies taken from 
the L. S. U. Poultry Farm at different dates 


LDwso’s Micro- 
Strain grams/Fly 
of House 


Flies 


Date Colony Was 
Established 


Malathion 


DDT 


October, 1957 
October, 1958 
December, 1958 


29.0 
90.0 
45.0 


> 100 
> 100 
> 100 


and 17th generations, the LDs5os for Dicapthon 
and lindane shown in Table 1 probably are not 
representative of the T, strain. 

Figure 1 shows that the time required for pu- 
pation and for adult emergence was considerably 
longer, and that pupation and emergence required 
a longer period of time in the T; strain than in the 
Orlando susceptible strain. For this reason loss of 
resistance in the T; strain may have resulted from 
selection during the rearing operation between the 
12th and 17th generation which favored suscepti- 
ble individuals. Pimentel et al. (1951) have shown 
that flies which had long pupation periods were 
more resistant to DDT than those having shorter 
ones. Similar results were reported by Decker and 
Bruce (1952). 

Response of offspring from T, and T; strains of 
house flies to malathion and DDT is shown in 
Table 2. In both strains resistance to malathion 
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~-—=— RESISTANT 
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OAYS FROM EGG TO ADULT 


1. Comparison of the life cycle of T,; resistant and Orlando susceptible strains of house flies 


was greater than for the T, strain. This is not 
surprising since the flies in the field had been 
exposed to malathion and Ronnel one year longer 
than the T; strain. No explanation is available for 
the greater susceptibility of the Ts; strain to 
malathion exposure. 


SUMMARY 


Offspring from a field strain of house flies taken 
from the L.S.U. poultry farm in the Baton Rouge, 
Louisiana area in October 1957 were found by 
topical application to be highly resistant to 
malathion and DDT with varying degrees of re- 
sistance to the other insecticides tested. Mal- 
athion had been used exclusively for 3 years. 
Progeny from field strains taken from the same 
area in October and December 1958 were more 
resistant to malathion, perhaps due to continued 
use of the organic phosphates. In the resistant 
group the larval period was longer and pupation 
and emergence extended over a longer time inter- 
val than the Orlando, Florida susceptible strain. 
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MORPHOLOGICAL DIFFERENTIATION OF ENTAMOEBA HARTMANNI 
AND E. POLECKI FROM E. HISTOLYTICA* 


ROBERT B. BURROWS 


The Wellcome Research Laboratories, Burroughs Wellcome & Co. (U.S.A.) Inc., Tuckahoe 7, N. Y. 


There are two species of Entamoeba which are 
so similar to E. histolytica that they may be mis- 
taken for it, particularly if only saline or iodine 
preparations are examined. The first, and most 
common, is Entamoeba hartmanni, which was 
first described by Prowazek (1912a). Later it 
was described and named EF. minuta by Wood- 
cock and Penfold (1916), E. tenuis by Kuenen 
and Swellengrebel (1917), and EF. minutissima 
by Brug (1917), but the majority of investigators 
have, for many years, considered it erroneously 
“small race of E. histolytica’. Several 
recent papers (Burrows, in press; Freedman and 
Elsdon-Dew, 1958) have shown that, although 
E. histolytica may have dwarf forms under 10y in 
diameter, this species is morphologically and 
genetically different from E. hartmanni, which 
nearly always is less than 1@y in size. 


as the 


The second species is Entamoeba polecki, which, 
after it was described from man in 1912 by 
Prowazek (1912b), was not again recognized as a 
human parasite until Kessel and Johnstone (1949) 
found 2 cases. Since then 7 additional cases have 
been encountered (Lubinsky, 1952; Sumardjo 
and Joe, 1953; Lawless, 1954; and Burrows and 
Klink, 1955). In contrast to the 10 cases of this 
species which have been recognized, probably 
thousands have been diagnosed as E. histolytica. 
After the first case was found by Burrows and 
Klink, careful observations were made of all 
cases appearing to be E. histolytica and within 
less than 2 years two other cases turned out to be 
E. polecki. 

As the similarities of these three species may 
lead easily to incorrect identification, this paper 
will attempt to present those features which may 
enable others to distinguish them more readily. 


PROCEDURE 


As saline and iodine preparations, upon which 
the majority of diagnoses are made, are un- 
satisfactory for the accurate differentiation of 
these three species, the figures were made from 


* Presented before the New York Society of 
Tropical Medicine on 26 March 1959. 
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iron-hematoxylin preparations. For the E. hart- 
manni-E. histolytica series about 50 trophozoites 
and 25 cysts of E. hartmanni and of the dwarf 
forms (under 10) of E. histolytica were sketched. 
These were then paired according to approximate 
shapes and sizes. From these sketches 9 pairs of 
trophozoites and 10 pairs of cysts were selected 
for Figure 1. 

For the E. polecki-E. histolytica series about 20 
trophozoites and 12 cysts of E. polecki were 
sketched and a search made for E. histolytica 
trophozoites and cysts of approximately the 
same size, shape and appearance. These sketches 
were then paired with those of EZ. polecki. From 
this number 8 pairs of trophozoites and 10 pairs 
of cysts were selected for Figure 2. 


DIFFERENTIATION OF ENTAMOEBA HARTMANNI 
FROM DWARF ENTAMOEBA HISTOLYTICA 


Trophozoites. Rounded trophozoites of EF. hart- 
manni range from 3.0 to 10.5u in diameter, whereas 
those of dwarf E. histolytica range from 6.5y 
to the size of the larger E. histolytica. The ma- 
jority of £. hartmanni are smaller than the dwarf 
forms of FE. histolytica and smaller than those 
shown in Figure 1. 

The trophozoite nuclei of EZ. hartmanni range 
from 1.5 to 3.2u in diameter, with the majority 
being between 2.0 and 2.5u. Those of E. histoly- 
tica range from 2.8 to 3.8u, with most being be- 
tween 3.0 and 3.5u, or about 1.0u greater in 
diameter than in E. hartmanni. In both species 
the karyosome may be centric or eccentric and 
large or small, but, in general, it is larger in 
proportion to nuclear diameter in EZ. hartmanni 
than in EF. histolytica. The peripheral chromatin 
of E. hartmanni is more variable in its arrange- 
ment than in E. histolytica. In E. hartmanni the 
peripheral chromatin may consist of discrete 
granules or masses with wide spaces between 
them (Fig. 1 E,F); a crescent of granules on one 
side of the nucleus (Fig. 1 C,D,G); or a single 
large bar of chromatin, with several small gran- 
ules around the membrane (Fig. 1 A,B,H,I). At 
times the large chromatin mass appears to be 
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Fig. 1 


zoites; 


a-i, E. histolytica trophozoites; j és. 
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Entamoeba hartmanni and dwarf forms of Entamoeba histolytica. A-I, E. hartmanni tropho- 
J-S, E. hartmanni cysts; 


E. histolytica cysts. From iron- 


hematoxylin preparations. X 1500. Further details in text. 


within the nuclear membrane (Fig. 1 A,E,H); in 
some amebae it appears to be on both sides of 
the membrane (Fig. 1 B); and in some cases 
(Fig. 1 I) it appears to lie on the outside of the 
membrane. Whether it can lie on either side of 
the membrane or whether the nucleoplasm forces 
the mass and the membrane out at this point has 
not been determined. The peripheral chromatin 
of E. histolytica is generally uniformly distributed 
along the nuclear membrane, with the granules 
being rather compact (Fig. 1 a,b,etc.); with a 
minute space between each two granules (Fig. 
1 ¢); or with short gaps between masses of 
granules (Fig. 1 f). At times the chromatin may 
be thicker on one side of the nucleus than on the 
other (Fig. 1 g) or some chromatin granules may 
be larger than the majority (Fig. 1 c,h). Thus, in 
its chromatin distribution E. hartmanni resembles 


Entamoeba coli more closely than it does E. 
histolytica. 

Food vacuoles of both species are found to con- 
tain bacteria and, occasionally, yeast cells. E. 
hartmanni has not been found with ingested 
blood cells and the dwarf forms of E. histolytica 
are not likely to show them, except, perhaps, on 
rare occasions, as they appear to feed primarily 
on bacteria. 

Cysts. Cysts of E. hartmanni range in diameter 
from 3.8 to 8.0u, whereas those of dwarf E. 
histolytica range from 5.5u to the size of the 
larger E. histolytica. Most E. hartmanni cysts are 
smaller than the majority of E. histolytica dwarf 
cysts and smaller than those shown in Figure 1. 

In the uninucleate cysts of E. hartmanni the 
nuclei range in diameter from 1.8 to 3.0u, with 
the greater number being about 2.4 to 2.8u, but 
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in dwarf E. histolytica the nuclei range from 3.2 to 
4.4u in diameter, with most being about 3.6 to 
4.0u. In comparable sized cysts the nucleus of E. 
hartmanni is about 25 to 40 per cent of the cyst 
diameter, whereas in dwarf E£. histolytica it is 
about 45 to 60 per cent of the cyst diameter. Nuclei 
of dwarf E. histolytica are about the same size as 
those of the larger forms, but, due to the smaller 
sizes of the cysts, they make up a greater per- 
centage of cyst diameter. No distinctive differ- 
ences in the distribution of nuclear chromatin 
exist between E. 


hartmanni and E. histolytica. 

Large glycogen bodies are seldom found in 
cysts of E. hartmanni, but nearly all cysts show 
a few to many small vacuoles (Fig. 1 J-S). On 
the other hand, cysts of E. histolytica generally 


have one large glycogen vacuole (Fig. 1 1,m,o) 
1 j,k.n,p,q). The small 
vacuoles in E. hartmanni cysts may be diffuse 
glycogen vacuoles, which do not stain deeply 
with iodine as does the single large vacuole of E. 
histolytica. Both species show considerable varia- 


or no vacuoles (Fig. 


tion in the size, shape and number of chroma- 
toidal bodies, so that they cannot be differ- 
entiated on the basis of these structures. 

In binucleate cysts of E. hartmanni the nuclei 
range from 1.3 to 2.0u in diameter (Fig. 1 R), 
whereas in dwarf E. histolytica they are larger, 
ranging from 2.0 to 2.8u (Fig. 1 r). In tetranucleate 
cysts of EF. hartmanni the nuclei are 0.7 to 1.7y 
(Fig. 1 8), in contrast to those of dwarf E. histo- 
lytica, which are 1.4 to 2.2u (Fig. 1s). In structure 
the nuclei of these E. hartmanni cysts are similar 
to those of the uninucleate cysts, except for size, 
but the nuclei of binucleate FE. histolytica tend to 
return to the peripheral chromatin distribution 
found in trophozoites (Fig. 1 r). 


DIFFERENTIATION OF 
FROM 


ENTAMOEBA POLECKI 
ENTAMOEBA HISTOLYTICA 


Trophozoites. Rounded trophozoites of both 
species range from less than 10u to over 20u in 
diameter, with the majority being between 12 
and 18u. Food vacuoles of both species show 
bacteria and yeast, but the ingestion of yeast 
cells appears to be more common in E. polecki 
than in E. histolytica. 

The trophozoite nuclei of both species range 
from about 2.8 to 4.5u in diameter. The karyosome 
of E. polecki (Fig. 2 A,C,etc.), generally is eccen- 
tric and smaller than that of EZ. histolytica which 
may be centric or eccentric. However, the karyo- 
some of EF. polecki may be large and compact, 
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large and diffuse, or consist of several granules 
rather than a single one, as are frequently found 
in cysts (Fig. 2 I1,L-O,Q). The peripheral chroma- 
tin of E. polecki may consist of fine granules 
touching each other (Fig. 2 C), with slight spaces 
between them (Fig. 2 A), of irregular arrange- 
ment (Fig. 2G), or have some of the modifications 
found in cysts (Fig. 2 I,L-O,Q). In E. histoly- 
tica the peripheral chromatin is generally uni- 
formly distributed around the nuclear membrane 
as small, distinct granules (Fig. 2 b), as com- 
pactly arranged granules (Fig. 2 a,c), as small 
granules with a few larger ones (Fig. 2 e), with 
granules somewhat thicker on one side than on 
the other (Fig. 2 g), or with a few gaps in the 
peripheral chromatin ring (Fig. 2 f). In both 
species, when the peripheral chromatin is uni- 
formly distributed on the nuclear membrane, it 
tends to be a little more delicate in E. polecki (cf 
Fig. 2 C,e). 

Although the nuclei of both species may be 
distorted by pressure of vacuoles (Fig. 2 F,d), 
the distortion is much more common in E. polecki 
than in £. histolytica, as though the nucleoplasm 
of E. polecki is less turgid. Another feature which 
is of help in distinguishing the two species is the 
fact that the nucleoplasm of E. polecki frequently 
tends to stain much more deeply than does that 
of E. histolytica (Fig. 2 B-G). At times the 
nucleoplasm is so dark that it is difficult to see 
the karyosome, although the cytoplasm is not 
deeply stained. 

Cysts. In selecting pairs of cysts for Figure 2, 
they were chosen on the basis of comparative 
sizes of cysts and on the structure of chroma- 
toidal bodies, as the latter are so variable in both 
species. 

Cysts of both species range in diameter from 
about 9.5 to 17.5u, with the majority being about 
12 to 15u. They are generally spherical or sub- 
spherical in shape, although in both species oval 
or irregular cysts may be found. Large glycogen 
vacuoles, which stain deeply with iodine, oc- 
casionally are found in some E. polecki cysts 
(Fig. 2 O), but they are much less common than 
in E. histolytica (Fig. 2 i,j,m,o,p). Numerous 
small vacuoles, which may be of diffuse glycogen 
that does not stain deeply, are common in £. 
polecki cysts (Fig. 2 I-R), but are rather rare in 
E. histolytica cysts. 

E. polecki cysts generally have only 1 nucleus 
and 2 nuclei are found in less than 0.5 per cent 
of the cysts, whereas E. histolytica may have 1 to 4 
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Fic. 2, Entamoeba polecki and larger Entamoeba histolytica. A-H, E. polecki trophozoites; I-R, E. 
polecki cysts; a-h, E. histolytica trophozoites; i-r, E. histolytica cysts. From iron-hematoxylin prepara- 
tions. X 1500. Further details in text. 
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and, occasionally, more than 4 nuclei. Nuclei of 
E. polecki cysts range in diameter from 2.4 to 4.3, 
which makes them generally only 25 to 30 per cent 
of the cyst diameter. Nuclei of uninucleate E. 
histolytica cysts range in diameter from about 
4.0 to 5.5u and they are usually 40 to 50 per cent of 
the cyst diameter. In E. polecki the cyst nucleus 
is generally slightly smaller than the trophozoite 
nucleus, whereas in E. histolytica the nucleus en- 
larges during the pre-cystic stage and the uninu- 
cleate cyst nucleus may be 15 to 25 per cent greater 
in diameter than the trophozoite nucleus. 

The structure of the EZ. polecki nucleus is more 
variable in cysts than in trophozoites. The karyo- 
some may be minute (Fig. 2 J), large and com- 
pact (Fig. 2 N), large and diffuse (Fig. 2 L), 
consist of several small granules (Fig. 2 O), be 
absent, or occur in many irregular shapes (Fig. 2 
Q). In uninucleate EZ. histolytica the karyosome 
is usually a more or less compact body, easily 
recognized (Fig. 2 j}-m,o-q), but may be some- 
what diffuse (Fig. 2 i,n). The peripheral chroma- 
tin of E. polecki nuclei may be rather uniform in 
its arrangement (Fig. 2 J,K,P), but a wide range 
of variations occur, a few of which are shown 
(Fig. 2 I,L-O,Q). Peripheral chromatin of uni- 


nucleate E. histolytica may show the typical 


trophozoite arrangement (Fig. 2 n,o,q), but the 


majority will show the chromatin material in 
discrete masses of varying shapes and sizes (Fig. 
2 i-m,p). However, they do not show some of the 
peculiarities found in FE. polecki (Fig. 2 1,L-O,Q). 
As in trophozoites, some of the E. polecki cystic 
nuclei stain darker than the cytoplasm (Fig. 2 J, 
K,M,O,P), and many will be found with the nuclei 
distorted by pressure from vacuoles (Fig. 2 K). 

There is a great variation in the shape, size 
and number of chromatoidal both 
species and cysts of both species often show no 
bodies (Fig. 2 N,n). One is likely to find more 
cysts of EF. polecki with a great many minute 
chromatoidal bodies (Fig. 2 Q) than in E. histoly- 
tica (Fig. 2 q). On the other hand, cysts with a 
single large chromatoidal body are seen rather 
frequently in E. histolytica (Fig. 2 
extremely rare in E. 


bodies in 


r), but are 
polecki. These differences 
are not sufficiently abundant for the diagnosis 
to be made on the basis of chromatoidal bodies 
alone. 

Many cysts of E. polecki will be found with a 
condensation of cytoplasm and with numerous 
vacuoles between the cyst wall and the darker 
staining cytoplasm (Fig. 2 Q). Such a condition 
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is rather rare in E. histolytica. Also, a large num- 
ber of E. polecki cysts will show a so-called “in- 
clusion mass”’ (Fig. 2 M), the nature of which is 
unknown. This mass may be larger or smaller 
than the nucleus, have a homogeneous appear- 
ance, may be irregular in shape, and may stain 
brownish, light grey or dark grey in hematoxylin 
preparations. At times cysts are found which 
have a cytoplasmic condensation with an inclu- 
sion mass in or near the center of it. 

Binucleate cysts of EB. polecki are scarce, but 
they resemble uninucleate cysts in every respect, 
except for the presence of two nuclei (Fig. 2 R). 
The nuclei are of approximately the same size 
as those of uninucleate cysts, the structure of the 
two may be similar or different, and they may 
have as many variations of appearance as do 
those of the uninucleate cysts. In binucleate EZ. 
histolytica the nuclei are much smaller than in the 
uninucleate cysts and there is a tendency for the 
peripheral chromatin to return to the trophozoite 
arrangement (Fig. 2 r). 

DISCUSSION 

Inasmuch as E. hartmanni is generally reported 
as the “small race of EZ. histolytica’”’ and, as such, 
comprises approximately 50 per cent of all the re- 
ported cases of FE. histolytica in the United States 
(Burrows, 1957), it is obvious that the incidence 
of E. histolytica has been greatly overestimated. 
The incidence of E. polecki in man. is unknown, 
but is probably much higher than the reported 
cases would indicate, for it is possible that most 
cases have been diagnosed as the “large race of 
E. histolytica.” The incidence of E. polecki in 
rural areas may be higher than in urban regions, 
for uninucleate amebae of several species are 
found in pigs, goats, sheep and cattle. EF. polecki 
cannot be differentiated readily from these spe- 
cies and the minor variations noted may be more 
a response to variations in the digestive tracts 
of the hosts. 

Unfortunately, many diagnoses of amebic in 
fections are made only from saline, iodine, or 
zine sulfate flotation preparations. In some cases 
a technician may use one of the temporary stains 
for trophozoites, but few take the time to do 
hematoxylin staining, which is the most reliable 
means of diagnosing trophozoites of the several 
species of small amebae and of differentiating 
trophozoites and cysts of E. hartmanni and E. 
polecki from E. histolytica (Brooke, 1958; Bur- 


rows, 1957: Burrows and Klink, 1955). 
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Trophozoites of E. hartmanni cannot be dis- 
tinguished from those of other small amebae in 
the unstained preparation and temporary stains 
for trophozoites often do not give good definition 
to the nuclear structure, for in many cases the 
peripheral chromatin may be overstained and 
resemble that of E. histolytica. If, using tem- 
porary stains, the technician is positive that the 
small trophozoites are not Endolimax 
Iodamoeba biitschlii or Dientamoeba fragilis, he 
must still decide whether he has Z£. hartmanni 
or dwarf forms of E. histolytica. Of the two, E. 
hartmanni is much more common than the dwarf 
forms of E. histolytica and the latter generally 
occur along with larger E. histolytica. However, 
positive identification should be made with one 


nana, 


of the hematoxylin stains. 

Cysts of E. hartmanni can be differentiated from 
those of E. nana and J. biitschlii in both unstained 
and iodine-stained preparations, if more than a 
casual observation is made. With careful study it 
is possible to distinguish uninucleate E. hartmanni 
cysts from those of dwarf E. histolytica in iodine 
stained preparations, for the former rarely shows 
large glycogen masses and the nucleus is only 
about one-fourth to one-third the cyst diameter, 
instead of about half the diameter. If only bi- or 
tetra-nucleate cysts are present, the diagnosis 
cannot be made readily with iodine stain and 
hematoxylin should be used. If a calibrated ocular 
micrometer is available and the cysts are found 
to measure between 4 and Sy, the diagnosis 
would be E. hartmanni, as few dwarf E. histoly- 
tica cysts would be less than about 7y in diameter. 

Unstained trophozoites of E. polecki cannot 
be distinguished from those of E. histolytica and 
the use of temporary stains does not increase 
the probability of correct identification. Even 
with hematoxylin stains there is a close resem 
blance and one may have difficulty in differen 
tiating one from the other. A hematoxylin prepa- 
ration which shows trophozoites with 
distorted nuclei, dark nuclei and 
some with variable nuclear structure should be 


many 
many with 
suspected of having E. polecki. If no cysts are 
present to confirm the tentative diagnosis, one 
should request additional specimens from the 
patient in order to have cysts for study. 

Cysts of E. polecki, either unstained or iodine- 
stained, resemble those of E. histolytica so closely 
that they may be diagnosed as the latter species. 
However, if few or no cysts show deeply staining 
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glycogen masses, if no tetranucleate cysts are 
seen, if few or no binucleate cysts are present, and 
if the nucleus is less than a third the diameter of 
the cyst, one should hesitate to make a quick 
diagnosis. For the sake of accuracy hematoxylin- 
stained slides should be made for more careful 
study. In hematoxylin preparations the smaller 
and more variable nucleus, the presence of nu- 
merous small vacuoles, and the frequency of cyto- 
plasmic condensations and _ inclusion 
should enable one to identify E. polecki. 

Inasmuch as some may consider the variations 
in nuclear structure of E. hartmanni and E. po- 
lecki to be due to deterioration, the writer has 
found these variations in specimens fixed within 
15 to30 minutes after passage, as well as in speci- 
mens which stood for some hours prior to fixation. 
These variations appear to be characteristic of 
the species. 


masses 


SUMMARY 


1. Hematoxylin staining is the most accurate 
technic for differentiating Z£. 
E. polecki from E. histolytica. 

2. Entamoeba hartmanni may be distinguished 
from the dwarf forms of E. histolytica by the 
smaller sizes of the trophozoites; by the smaller 
and more £. coli-type of nucleus; by the smaller 


hartmanni and 


sizes of the cysts; by the smaller percentage of 
nuclear diameter to cyst diameter; and by the 
diffuse type of cyst vacuolation. 

3. Entamoeba polecki may be distinguished 
from the larger E. histolytica by the more variable 
nuclear structure of trophozoites and cysts; by 
the frequently darker nucleoplasm; by the pre- 
dominately uninuclear type of cyst; by the 
smaller percentage which nuclear diameter is of 
cyst diameter; by cytoplasmic condensations and 
inclusion masses; and by the diffuse type of cyst 
vacuolation. 
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In studies on the ecology of pathogenic micro 
organisms, hosts primarily associated with human 
disease usually have received greatest attention. 
For example, studies on brucellosis have been 
the 
principal source of infection for man, whereas 


focused primarily on domestic animals, 
the ecology of Brucella in wildlife has been largely 
neglected. Although Coriella burnetii was first 
recovered from ticks, most studies in the United 
States have dealt with the relationship between 
the disease in man and infection in domestic 
animals. In spite of extensive studies on Pasteur 
ella tularensis and Rickettsia rickettsii, some facets 
in the ecology of these organisms remain unre 
solved. 

In 1951, the U. S. 


initiated a study of the diseases of fauna native 


Army Chemical Corps 


to Dugway Proving Ground. This earlier research 
was limited chiefly to basic ecology and vector 
but in 
study of the diseases of fauna was started. Deter 


borne diseases, 1954 a comprehensive 


mination of the pathogens involved, the ecology 
of these organisms and their effect on wildlife were 
some of the objectives of this investigation. Ob 
servations obtained from 1954 to 1957 form the 
basis of this report. 


MATERIALS AND METHODS 
Faunal collections were made periodically from 


about 600 predesignated stations located in an 
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eal Corps Interagency Agreement Order No. 
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tional Institutes of Health, National Institute of 
Allergy and Infectious Diseases, Rocky Mountain 
Laboratory, Hamilton, Montana. 

t Dugway Proving Ground, Dugway, Utah. 
Now U.S. Department of Health, Education, and 
Welfare, Public Health Service, Ft. Detrick, 
Frederick, Md. 

** Dugway Proving Ground, Dugway, Utah. 
Now College of Veterinary Medicine, Colorado 
State University, Fort Collins, Colorado. 


area comprising about 7000 square miles. Most 
of the collections made in Tooele 
County, Utah, but some sample areas extended 
into Juab and Millard counties. Jack rabbits, 
Lepus californicus, and cottontails, Sylvilagus 
spp., taken with shotguns, were frozen on CO, 
ice immediately after an attempt was made to 


were 


secure a blood specimen. Carcasses of musk- 
zibethicus, were obtained from a 
live- 


rats, Ondatra 
local trapper. Smaller mammals were 
trapped and taken to Dugway, Utah, for further 
processing. Ectoparasites removed from small 
rodents were segregated according to kind, species 
of host, and trapping area and frozen in normal 
saline. During the first half of the study, small 
rodents were bled and the carcasses placed on 
CO, ice immediately after removal of ectopara- 
sites, whereas during the latter part, rodents were 
observed for a week for signs of disease before 
they were bled and their carcasses frozen. 
Individual blood specimens were obtained from 
large rodents and rabbits. Whenever possible, 
blood samples were taken from small rodents. 
During the first part of the study, blood of not 
more than 4 small rodents was pooled according 
to species and source of collection in order to 
obtain sufficient serum for serologic tests. After 


January, 1957 normal sheep serum was added 
to each freshly drawn rodent blood to make about 
a 1:4 serum dilution. Prior to use, each lot of sheep 


serum had been determined to be free of anti- 
complimentary activity and antibodies against 
pathogens of concern in this study. Ectoparasites, 
serums, and animal carcasses were transported 
under CO,-ice refrigeration to the Rocky Moun 
tain Laboratory, Hamilton, Montana where spec- 
imens were held in a —20° C mechanical refrig 
erator until tested. 

rodents 
temperature. Since jack rabbits and cottontails 
were frozen in the field without removing ecto- 
they were picked im 


Carcasses of were thawed at room 


parasites (chiefly ticks), 
mediately after carcasses were taken from the 
freezer. Prior to autopsy, rodents were segregated 
according to species and source of collection; with 
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few exceptions, pools of tissue of small rodents, 
consisting of lung, liver, spleen, and kidney, were 
made from 4 animals, whereas those of rabbits 
were made from 2 animals. Each 10% pooled- 
tissue suspension was injected into two 500-gm 
guinea pigs, each of which received 1 ml intra- 
peritoneally. Aliquots of 
were frozen in 


these suspensions 
examinations 
pigs that survived for 
42 days were bled and their serums were tested 
for antibodies against C. burnetii, R. rickettsii, 
psittacosis virus, Brucella abortus, and P. tularen- 


additional 


case 


were necessary. Guine: 


sis. Tests appropriate to establish the cause of 
death were made on guinea pigs that died during 
the observation period. 

Suspensions of tissue or ectoparasites that 
caused the formation of antibodies against C. 
burnetii, Brucelia, or psittacosis virus were re- 
tested to confirm original results. Those thought 
to contain Q fever organisms were reinoculated 
into guinea pigs and hamsters and those thought 
to contain psittacosis virus were retested in mice 
and guinea pigs. In 6 instances, spleens of ham- 
sters that became seropositive against C. burnetii 
after inoculation with frozen aliquots of the orig- 
inal material were injected into yolk sacs of 


fertile chicken eggs. Yolk sacs were passed until 


typical rickettsiae were observed in smears 
stained with Macchiavello stain. To confirm the 
identity of such isolates, guinea pigs were inocu- 
lated with 1,2000 dilution of yolk sac, bled 23 
days later and subsequently challenged with the 
Nine Mile strain of C. burnetii. Specimens thought 
to contain Brucella were cultured directly on 
tryptose agar. After a Brucella of low pathogenic- 
ity for guinea pigs was isolated from Neotoma 
lepida, tissues from all specimens of this species 
were inoculated on tryptose agar at the time of 
initial testing. 

Aliquots of rodent tissue suspensions were 
inoculated on Sabouraud’s agar slants, containing 
40 units of streptomycin, 20 units of penicillin, 
and 0.5 mg actidione/ml. Tubes of inoculated 
media, incubated at 30° C for at least 3 weeks, 
were examined periodically for mold growth re- 
sembling fungi. Pathogenicity of 
isolates was determined by injecting suspensions 
of growth into Swiss white mice. 


pathogenic 


Ectoparasites were pooled according to genus 
or species, host, and area of collection. Determina- 
tion of species could not be made of ectoparasites 
other than ticks. During most of the study, pools 
of adult ticks were limited to a maximum of 40/ 
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pool and those of immature ticks and other ecto- 
parasites were restricted to 100/pool. On a few 
occasions it became necessary to increase the size 
of pools because of a limited supply of guinea 
pigs. Ectoparasites were triturated in 6 ml sterile 
skim milk and 1 ml of the resulting suspension 
was injected intraperitoneally into each of two 
male guinea pigs’ which were then treated like 
those inoculated with tissue suspensions. After 
guinea pigs were bled, all animals that had been 
inoculated with tick suspensions were chal- 
lenged with about 10‘ MIGPD (minimal infec- 
tious guinea pig doses) of R. rickettsit to determine 
whether they had developed immunity againts 
this organism. In addition to pools of ticks tested, 
37 pools of fleas, 13 pools of lice, and 9 pools of 
mites were examined similarly for spotted fever 
rickettsiae. 

Of 643 pools of ticks injected into guinea pigs, 
339 were inoculated also into yolk sacs of 5-day- 
old fertile chicken eggs. Each of 10 eggs received 
0.5 ml ectoparasite suspension containing 500 
units each of penicillin and streptomycin. Isolates 
established in eggs were identified as R. rickettsii 
by injecting guinea pigs with sacs in question, ob- 
serving inoculated animals for fever and scrotal 
swelling, and then challenging them with about 
10* MIGPD of R. rickettsit. 

The method of Osler et al. (1952) was used for 
testing serums for complement-fixing antibodies 
against rickettsiae and psittacosis virus. Rickett- 
sial antigens were prepared from infected yolk 
sacs (Topping and Shepard, 1946) and antigens 
for the psittacosis group consisted of boiled 
phenolized emulsions of infected yolk sacs. Br. 
abortus antigen for tube agglutination test was 
obtained through the courtesy of the U. 8. De- 
partment of Agriculture. P. tularensis antigen 
was prepared from NIH strain 38. Procedures for 
agglutination tests, recommended in Diagnostic 
Procedures and Reagents (American Public 
Health Association, 1945) were followed. 

RESULTS 

The number and species of mammals and 
ectoparasites studied during this investigation 
are given in Tables 1 and 2. Although the list of 
animals is not representative of the entire fauna 
of the area (Woodbury, 1956), most of the impor- 
tant species were studied. Because of the method 
of sampling, the number of each species tested 
may not reflect the relative abundance of these 
animals. Some species are more readily taken in 
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TABLE 1 
Species and number of mammals examined for 


pathogenic microorganisms 


Species* 


Peromyscus manicu 
latus 

P. crinitus 

P. truei 


Lepus californicus 


Di podom ys ordii 


D. mic rops 


Neotoma le pida 


\. cinerea 
Citellus leucurus 
C. townsendii 


C. variegatus 
Perognathus formo 
Sus 


pP parvus 


P.. longimembris 
Reithrodontomys 
megalotis 
Eutamias minimus 
E. quadrivitatus 
E. dorsalis 
Onychomys leuco 
gaster 
Sylvilagus sp 
Ondatra zibethicus 
Canis latrans 
Vicrodipodops mega 
cephalus 
Thomomys bottae 
Taxidea tarus 
Erethizon dorsatum 
Vicrotus sp 
Vus musculus 


V yotis subulatus 
Total 


* Woodbury 


(1956) 


Num 
ber 
tested 


Common name* 


Deer mouse 1,883 
220 
60 
,459 


Canyon mouse 

Pinyvon mouse 

Black-tailed 
rabbit 


jack 


1,025 
423 


Ord kangaroo rat 

Chisel-toothed kan 
garoo rat 

Desert wood rat 258 

Bushy-tailed 
rat 

Antelope 
squirrel 


wood 2 

ground 

Townsend ground 
squirrel 

Rock squirrel 

Long-tailed pocket 
mouse 

Great Basin pocket 
mouse 

Little pocket mouse 

Western 
mouse 


harvest 


Least chipmunk 

Say chipmunk 

Cliff chipmunk 

Northern grasshopper 
mouse 

Cottontail rabbit 

Muskrat 

Covote 


Kangaroo mouse 


Botta pocket gopher 
Badger 

Porcupine 

Meadow mouse 
House mouse 
Small-footed myotis 


livetraps than others because of their habits and 


extent of range. 


Two rickettsial pathogens and bacteria of 3 


genera 


were recovered 


from rodents and their 


ectoparasites. Pertinent findings on each of these 


organisms will be described separately. 


LACKMAN AND ORSBORN 

Coxiella burnetii: The finding of a seropositive 
jack rabbit collected in December, 1954, suggested 
that C. burnetii occurred among fauna of this 
During 1955 another seropositive jack 
rabbit was taken and the organism was recovered 
from 2 pools of the tick, Dermacentor parumaper- 


area. 


tus, and the pooled tissues of 4 Peromyscus mani- 
culatus. Tissues of an additional pool of P. mani- 
culatus caused Q fever in one of two guinea pigs 
inoculated with the original suspension but the 
organism could not be recovered from the frozen 
aliquot. None of the rodents taken during 1956 
vielded C. burnetii but in 1957 a high percentage 
of small rodents collected during March, April, 
and the first week of May possessed antibodies 
against C. burnetii. Of 13 species taken during 
this period, serologic evidence of infection was 
found only among Dipodomys ordii, D. microps, 
Onychomys leucogaster, and Eutamias minimus. 
Of 9 areas sampled during these months only 3 
yielded rodents infected with C. burnetii. In these 
areas 30% of 75 rodents bled were seropositive. 


TABLE 2 
Prevalence of pathogenic microorganisms in ecto 


parasites removed from mammals collected 
in the Great Salt Lake Desert 


Pools containing 


Number 


Ectoparasite tested 


R 


rickettsti 


Pools tested 


Dermacentor par 97 
umapertus* 
Dermacentor 
nymphs 
Nymphs and larval 
ticks 
Larval ticks 
Haemaphysalis lep 
oris-palustris 
Otobius lagophilus 
Ixodes kingii ; 0 
Dermacentor ander 0 
sont 
Fleas 0/ (37 
Lice 2,48 3 (0/(13 
Mites 9} 21 |0/(9) 
Totals 145 
* Ticks identified by staff of the Rocky Moun 
Hamilton, Mont. 
+ Denominators in parentheses denote number 
tested for R. rickettsii. 


tain Laboratory, 
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TABLE 3 
Results of complement-fixation and agglutination 
tests performed on mammalian serums collected 


at Dugway, Utah, and surrounding areas 


Number with antibodies 
against indicated antigens* 


Species 
tested | R ( 
rick- | bur 
eltstt |melit 


tacosis 


ow 
3 
4 


Psit- 


Lepus californicus 193 
Peromyscus manicu 27 
latus 
P. crinitus 
P. truei 
Dipodomys microps 
D. ordii 
Citellus leucurus 
C. townsendii 
C. variegatus 
Neotoma lepida 
N. cinerea 
Pe rognath usjormosus 
P. parvus 
Eutamias minimus 
E. dorsalis 
E. quadrivitatus 
Onychomys  leuco 
gaster 
Reithrodontomys 
megalotis 
Microdipodops mega 
cephalus 
Taxidea tarus 0 
Erethizon dorsatum : 0 
Sylvilagus sp. 0 
Totals 1,991/289 | 2% S 0 
* Titers of 1:16 or greater on CF test or 1:40 
or greater on agglutination test considered posi 
tive. 


The organism was isolated from tissues of 3 pools 
of D. microps and 1 pool of D. ordit. 

Q fever occurred at 6 sites separated from each 
other by at least 7 miles. Positive specimens col- 
lected during 1954 and 1955 originated from 4 
localities. In 1957, three infected rodents were 
taken from an found infected in 1955, 
whereas the remaining positive rodents were ob- 


area 


tained from 2 new areas, one yielding 2 positive 
samples and the other 6. 

One of the 2 strains recovered from Dermacen- 
tor parumapertus and the strains recovered from 
rodents were established in fertile chicken eggs. 
Organisms in smears of infected yolk sacs were 
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tinctorially and morphologically typical of C. 
burnetii. Guinea pigs inoculated with yolk sac 
cultures developed antibodies against C. burnetii 
and these animals were immune when later chal- 
lenged with the Nine Mile strain (Table 4). 
Strains isolated from rodents were not as virulent 
for guinea pigs as those previously recovered 
from other sources in this country (Stoenner and 
Lackman, unpublished data). Attempts to es- 
tablish some of these strains by serial passage of 
spleens of guinea pigs were not successful. 

The means by which C. burnetii is spread 
among rodents is unknown. Because all species 
found infected were hosts of D. parumapertus and 
because the organism was recovered from this 
tick, it appears to be involved in the epizootiology 
of Q fever in this area. Peculiarly, the disease 
was dormant from December 1955-March 1957 
when major epizootics in 3 areas apparently 
began. 

Because research has been conducted on C. 
burnetii at Dugway Proving Ground, one may 
question whether rodents from which C. burnetii 
was isolated were really naturally infected. The 
following reasons support the thesis that these 
rodents were infected from natural sources: (1) 
The initial isolations were made from rodents and 
ticks collected at sites more than 15 miles away 
from the test area. (2) Isolations could not be 
correlated with the dates of release of C. burnetii 
in the test area. (3) Isolates from Utah rodents 


TABLE 4 


Immunologic response of guinea pigs inoculated 
with yolk sac cultures of C. burnetii 
isolated from rodents and ticks 


CF titers at 

Egg 23 days 
Strain pas 

sage 


Average days 
fever after 


Dose 
MIHD* : 
challenget 


No. pigs 


5G61-63 ith 6 108 
(tick) 

5J108-111 | 3rd 6 | 10? 
7E65-68 3rd | 6 | 108 256 | 512 
7D77-80 4th | 6 | 108 64 512 
7E9-12 3rd | 6 | 107 128 | 256 
7E22-57 3rd | 6 | 108 32 | 128 
Challenge control guinea pigs 


2048 


1536 


* Organisms in highest decimal dilution in- 
fecting at least 2 of 4 hamsters equal one minimal 
infectious hamster dose. 


t+ About 10° MIHD of Nine Mile strain. 
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differ biologically from the strain used in the 
testing program. 

Although C. burnetii has been recovered from 
many species of ticks collected in this country 
(Parker, et al., 1949), it has not been recovered 
previously from wild mammalian hosts. Even 
though hosts involved are different from those 
found naturally infected in other countries (Der- 
rick and Smith, 1940; Blanc et al., 1947), the 
ecology of the organism is probably similar. C. 
burnetii apparently has a cycle in nature and 
another independent one in domestic livestock 
but the exact relationship between these two is 
unknown. 

Rickettsia rickettsii: Of 398 pools of Dermacen- 
tor parumapertus and 130 pools of nymphal 
Dermacentor, 24 and 14%, respectively, contained 
this organism (Table 2). Of 92 pools of nymphs 
and larvae (third and fourth lines, Table 2), most 
of which were probably D. parumapertus, 29% 
were positive. Suspensions of ticks tested during 
the first part of this study were inoculated also 
into fertile chicken eggs. R. rickettsii was isolated 
in eggs from 28 of 339 pools so tested, whereas 36 
of these pools caused spotted fever when inocu- 
lated into guinea pigs. Only 13 pools were posi- 
tive both in eggs and guinea pigs. 
data indicate that spotted fever 
rickettsiae are prevalent in D. parumapertus in 
the Great Salt Lake Desert. The high percentage 
of jack rabbits and Ord kangaroo rats that 


These 


possessed antibodies against this organism (Table 
3) also is an index of the prevalence of the organ- 
ism. These two mammals are major hosts of 
adult and immature stages of this tick and, pre- 
sumably, they play a significant role in mainte- 
nance of the disease in nature. The failure to 
detect spotted fever rickettsiae in other ecto- 
parasites (Table 2) suggests that only ticks are 
involved in the natural cycle. 
The isolated D. 
were similar in virulence to those previously found 
in Haemaphysalis (Parker, et 
al., 1951). Guinea pigs rarely had fever or scrotal 
swelling after inoculation with infected tick sus- 


strains from parumapertus 


leporis-palustris 


pensions but they developed immunity against 
subsequent challenge with a virulent strain. Yolk 
sac cultures of these strains caused mild fever 
and scrotal swelling, and guinea pigs regularly 
recovered from the disease. 

Brucella sp.: Early in the study, agglutinins 
against Brucella were found in serums of the 
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desert wood rat, Neotoma lepida. Because guinea 
pigs inoculated with tissues of seropositive rats 
did not develop chronic brucellosis and because 
seropositive rats did not have lesions suggestive 
of brucellosis, an organism other than any of the 
3 common species of Brucella was thought to be 
responsible for these agglutinins. By direct cul- 
ture of tissues of wood rats, 7 strains were iso- 
lated. Six of these were obtained from seropositive 
rats. Subsequent studies showed that the proper- 
ties of these strains differed sufficiently from 
those of recognized species to warrant classification 
as a new species, Brucella neotomae (Stoenner and 
Lackman, 1957). This organism is antigenically 
indistinguishable from Br. abortus, produces acid 
without gas in dextrose, levulose, xylose, arabi- 
nose, and galactose, is sensitive to both thionin 
and basic fuchsin, and is more infective for mice 
than for guinea pigs. When young 8 type colonies 
of Br. neotomae are examined by the method of 
Henry (1933), their bright orange color permits 
differentiation from S 
Brucella. 

The desert wood rat is common in the foothills 
and lower elevations of mountains in this area. 
Although specimens were taken from many sites, 
all strains originated from rats collected in 2 lo- 
calities. The means by which the disease is 
spread among rats has not been determined. An 
isolation of Br. neotomae from the placenta of a 
pregnant female suggests that the epizootiology 
of the disease in the desert wood rat may be 
similar to that of brucellosis in domestic live- 


colonies of other species of 


stock. Also of especial note is the failure to recover 
Br. neotomae from other species of rodents in the 
area. Apparently they are not susceptible or they 
do not have contact with a source of infection. 

A single isolate of Br. suis was recovered from 
pooled tissues of 2 jack rabbits. This organism 
caused chronic brucellosis in guinea 
oculated 


pigs in- 
with the original tissue suspension. 
Both guinea pigs and mice inoculated with the 
frozen aliquot, which contained about 300 Bru- 
cella per ml, developed chronic brucellosis. This 
strain possessed colonial and biochemical charac- 
teristics typical of Br. suis (Huddleson, personal 
communication). However, most strains of Br. 
suis are not as infective for mice as was this 
isolate. 

In Europe, Bendtsen et al. (1956) demonstrated 
epizootiological between 


a close relationship 


leporine and porcine brucellosis. The practice of 
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of feeding viscera of hares to swine was suggested 
as the mode of transmission. Although cattle and 
sheep have had some contact with the habitat of 
the desert wood rat, the relationship between the 
disease in this species and brucellosis in domestic 
animals is not clear. However, at some time in the 
history of Brucella a close relationship between 
the two must have existed. 

Pasteurella Seven pools of D. 
parumapertus and 6 pools of jack rabbit tissue 
were infected with P. tularensis. Five of the 7 
infected pools of ticks were taken from jack rab- 
bits whose tissues did not yield the organism. 
Conversely, 4 of 6 pools of infected jack rabbits 
had ticks which were free of the organism. In the 
latter case, the tick transmitting the agent may 
have escaped detection or engorged and left the 
host, or the disease may have been acquired by 


tularensis: 


by some other means. 

D. parumapertus adults were taken from rabbits 
throughout the year, but engorged ticks were 
found chiefly during warmer months. According 
to observations by Rosasco (1957), engorged 
adults were found only from May through Sep- 
tember. This period generally corresponds to the 
season during which tularemia occurred (March to 
September). Apparently ticks found attached 
during winter months do not feed until the onset 
of warm weather in the spring. The low percen- 
tage of engorged ticks found on rabbits indicates 
that many do not engorge immediately after at- 
tachment. Hence, infected ticks may be present 
on jack rabbits for some time before feeding. This 
delayed engorgement may permit the recovery of 
P. tularensis from ticks removed from uninfected 
rabbits. 

Although many species of mammals were tested 
for tularemia, the organism was recovered only 
from jack rabbits. Apparently, epizootics among 
this species usually did not extend to small ro- 
dents or small infected animals were not captured 
because they died in their burrows. However, 
small rodents were observed for 1 week after 
capture and it is unlikely that some infected 
animals would not have been taken during the 
incubation period before the disease affected 
their normal feeding habits. Another interesting 
observation is the failure to detect agglutinins 
against P. tularensis in serums of surviving ani- 
mals (Table 3). 

Pasteurella pestis: This pathogen was isolated 
from a pool of 49 fleas collected during May, 1957, 
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from 27 deer mice and the pooled tissue of 4 mice, 
some of the same animals from which the pool of 
fleas was taken. The isolation of P. pestis after 
almost 3 years of searching was unexpected. Ap- 
parently, rather extensive surveys are necessary 
before a given rodent population can be con- 
sidered free of plague. 

Arizona group (Paracolon): Three pools of 
Citellus leucurus and a pool each of Perognathus 
formosus, Peromyscus maniculatus, and D. ordii 
were found to be infected with paracolon organ- 
isms. The identity of these isolates was con- 
firmed by Dr. R. P. Edwards, U. 8. Public 
Health Service, Communicable Disease Center, 
Atlanta, Georgia. Guinea pigs inoculated with 
tissues of these animals died about 9 to 14 days 
postinoculation. On autopsy, the spleens and liv- 
ers of guinea pigs contained numerous small 
necrotic foci, changes similar to those seen in 
animals that succumb to P. tularensis infection. 

Miscellaneous. Eight animals possessed anti- 
bodies against psittacosis virus (Table 3) but 
attempts to isolate such a virus from their tissues 
failed. Hence, the significance of these findings 
could not be evaluated. None of the rodents 
yielded pathogenic fungi. 


SUMMARY 


Strains of Coxiella burnetii were isolated from 
Dipodomys ordii, D. microps, Peromyscus mani- 
culatus, and Dermacentor parumapertus collected 
in the Great Salt Lake Desert in Utah. In addi- 
tion, antibodies against C. burnetii were found in 
serums of Lepus californicus, Onychomys leucogas- 
ter, and Eutamias minimus. Other organisms 
enzootic in fauna in this area were Rickettsia 
rickettsii, Brucella neotomae, Br. suis, Pasteur- 
ella tularensis, P. pestis, and Arizona group (Para- 
colon). 
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INTERRELATIONSHIP OF WATER AND HERMETIA ILLUCENS BREEDING 
TO MUSCA DOMESTICA PRODUCTION IN HUMAN EXCREMENT 


JOHN W. KILPATRICK anp H. F. 


SCHOOF 


Communicable Disease Center, Bureau of State Services, Public Health Service, U. S. Department of Health, 
Education, and Welfare, Savannah, Georgia 


Schoof and Siverly (1954) and Kilpatrick 
and Bogue (1956) demonstrated in Arizona and 
Texas, respectively, that house fly production 
from pit privies was increased when the excreta 
were treated with insecticides, particularly diel 
drin. Subsequent studies in Chatham County, 
Georgia (Kilpatrick and Schoof, 1956) showed 
that in 100 untreated privies, house flies repre 
sented a monthly maximum of only 6 per cent of 
the total specimens collected. In contrast, the 
production of house flies during July, August, and 
September, 1954 from privies treated with diel 
drin represented more than 70 per cent of the 
total The 
untreated privy during June through September 


emergence. average emergence per 
usually was less than 30 house flies, versus an 
average of 254-1946 specimens for the treated 
structures. Chlordane, BHC, and aldrin applica 
tions augmented house fly production, but DDT 
apparently did not exert a influence. 
Although these investigations revealed an effect 


similar 


of chemical treatment, the specific factors re- 
sponsible for the increase in production were not 
apparent. Consequently, further studies were 
conducted from 1955 through 1958 to determine 
the factors involved. Since each year’s studies 
were based on the preceding year’s results, the 
data are discussed chronologically. 


GENERAL PROCEDURE 


Fly emergence from each privy was studied by 
trapping it for a 3-week period. During this per 
iod, the privy pit* was made fly tight with the 
aid of new boards, building paper, or banked 
earth around the bottom edges of the building. 
Each fitted 
equipped with a spring hinge and lined with 
foam rubber to provide a close fit when installed 


riser was with a seat-hole cover 


over the opening. A hole 6 inches in diameter was 
cut in the outside wall of the privy approximately 
12 inches above the ground level on the side of 


the privy exposed to the greatest amount of light. 


* The depth of the privy pit varied from 6” to 
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A cone-type trap, constructed of copper wire (36 
x 40 mesh) was then attached over the hole. 
Sponge rubber affixed to the bottom of the ply 
wood base of the trap assured a tight seal. At the 
end of each 3-week cycle, the privy pit was re 
opened to allow reinfestation. 


1955 STUDIES 


In three areas, privies (8-10 per area) which 
had received overall treatment + with dieldrin at 
a rate of 50 mg /sq ft in 1954, were trapped 
throughout 1955 to ascertain the extent of ac 
celerated Musca domestica production therein. 
House fly production exceeded that obtained in 
untreated privies (Table 1). 

Similar evaluation was made in privies treated 
in 1954 with selected applications of dieldrin and 
aldrin, two privies receiving dieldrin treatments 
to the pit walls only and three to the pit contents 
only, while four received complete aldrin treat 
ments. During the June period, house fly produc 
tion from the dieldrin-treated privies (72 
specimens/privy) exceeded that from the un 
treated privies but that from the aldrin-treated 
privies was slightly lower than from the untreated 
privies. The results of the August trapping cycle 
in treated versus untreated privies indicated 
greater house fly production in all treated privies, 
but the increase in the privies in which the pit 
walls alone had been treated was too small to be 
of significance. 

A separate series of privies was treated with 
emulsions of DDT, malathion, Diazinon, BHC, 
chlordane, and dieldrin, and with dieldrin dust 
(five privies per treatment). The findings for 
dieldrin, BHC, and chlordane substantiated 
earlier results, showing an increased production of 
house flies (Table 2). The dust application of 
dieldrin augmented the house fly breeding to a 
much lesser degree than did the emulsion treat 
ment. In contrast to previous results, chlordane 
appeared to increase house fly production to a 


+t Included animal pens and porches, as well 
as privies. 
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TABLE 1 
tverage number of house flies per privy in 1955 from 
privies treated with dieldrin (50 mg/sq ft.) in 
1954 


Geor gta 


and from untreated privies, Savannah, 


Treated areas Untreated areas 
rrapping Period 


D 


I (5/18-6/8) 
II (8/31-9/19) 
Tit (11/4-11/25) 


TABLE 2 


Fly production from privies in the Savannah, 


Georgia, area treated in June 1956, five 


replicates per treatment 


Average M 


Total 
domestica/ privy 


Mg Musca 
sq ft domes 
lica 


Total 
other 
flies 


l'reatment 


Emulsion 
DDT 200 69 
Malathion 100 106 
Diazinon 100 28 
BHC 50 234 
Chlordane 100 | 6201 
Dieldrin 50 | 1083 

Dust 
Dieldrin 1000 139 
Untreated 13 


2083 13.8 
4179 21.2) 1 
1647 5.6) 3 
3008 16.8 6 
5730 |1240.2)176.0 156 
4935  216.6142.0 53 


10.0 1 
2} 2 
| 
1 3 


1462 
1819 


* Trapping period 7-18-55 to 8-18-5! 
t Trapping period 9-19-55 to 9-30-55 
{ Trapping period 11-4-55 to 11-21-55 
greater degree than did dieldrin. DDT, mala 
thion, and Diazinon failed to cause an increase in 
house fly production. 

To ascertain specifically the possible variation 
in the excreta in different privies as it relates to 
suitability for fly production, the pit of each of 
Six privies was compartmented into two halves, 
each half of the pit being completely sealed from 
the other. One-half of each privy was then treated 
with dieldrin emulsion at a rate of 50 mg of diel 
drin sq ft. Although the emergence of 1. domes 
tica from either side prior to treatment was 
essentially the same (Table 3), the average house 
fly emergence from the treated half one month 
after treatment was 159 17. domestica/privy com 
pared to 15/privy from the untreated side. 

Since the increased infestation in treated privies 
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might be due to an ovipositional response caused 
by a partial effect of the insecticide on the adult 
fly, each of 30 privies (15 treated and 15 un 
treated) received implants of 10,000 house fly 
eggs of four resistant strains. Adult emergence 
from these privies is given in Table 4. The marked 
differences in the house fly survival rates for the 
treated privies (average of 510 M/. domestica 
privy) as compared with those from the un 

treated privies (average of 14 M. domestica/privy) 
indicated that an increase in oviposition was not 
a factor in the augmented production from treated 
privies. There appeared to be little difference 
in the survival rates of the various strains of re 
sistant flies used. 

During the course of the egg implant studies, 
it was observed that the media of the study 
privies could be separated readily into two general 


TABLE 3 
Fly production from five compartmented privies in 
the Savannah, Georgia, area; one half of privy 
pit treated on June 21, 1955 with 50 mg of dieldrin 
sq ft; the other half untreated 


Total 
Musca 


domestica 


Average M 
domestica 
privy 


Total other 
flies 


Untreated (A)* 
Untreated (B)* 137 
Treated (A)t 952 
Untreated (B)t SS 
Treated (A)tf 339 
Untreated (B)t 59 


134 1620 
6052 
4050 
5ADS 
1468 
1588 


* Trapping period 5-18-55 to 6-8-55. 
+ Trapping period 7-18-55 to 8-8-55 


t Trapping period 10-8-55 to 10-28-55 
TABLE 4 
House fly production from dieldrin-treated and un 
treated privies seeded with 10,000 eggs each of 
strains of resistant Musca domestica 
Average M 


domestica 


privy 


Type and number of 


privies Fly strain 


Treated (5)* 
Treated (5)* 
Treated (5)* 


Untreated (! 


5)* 
Untreated (5)* 
§)* 


Untreated ( 


* Trapping period 6-27-55 to 7-27 


DDT-45 
Monteitht 
Dieldrin-45 
DDT-45 
Monteitht 
Dieldrin-45 


55. 


517 
106 
606 
2 

14 
39 


+ Field strain resistant to DDT and dieldrin. 
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Fic. 1. Typical infestation of Hermetia illucens in an untreated privy, Savannah, Georgia 


classes, those with the excreta in a semiliquid to 
liquid consistency and those with the contents in 


a semisolid to solid state. Without knowledge of 


whether a privy was sprayed or unsprayed, an ex 


perienced observer, in most instances, could say 
whether or not treatment had been applied by 
noting the consistency of the pit contents. In 
addition, the “soupy” media were infested heavily 
with larvae of the soldier fly, 
(Figure 1). 


Hermetia illucens. 


1956 STUDIES 


Since the 1955 treatments of dieldrin dust did 
not produce as great an increase in .V. domestica 
production as did the emulsion treatments, nine 
to ten privies were treated with each of the two 
formulations.* Ten privies also were sprayed with 
Diazinon. Both the dieldrin dust (200 mg/sq ft) 
and the emulsion (50 mg/sq ft) produced an 
increase in house fly production, but the augmen 
tation from the 
(Table 5). Diazinon failed to cause any marked 


emulsion again was greater 


increase in house fly breeding. In most instances, 
all three types of treatments essentially elimi- 
nated the infestation of H. 


illucens larvae. 


*Treatment with emulsion included excreta 
and interior surfaces of riser; with dust, excre 
ment only 


However, in several privies treated with dieldrin 
dust or Diazinon, reinfestation with /H. 
illucens occurred in 3 to 5 weeks. In privies treated 


with 


with the dieldrin emulsion, the excreta became 
dryer and more solidified than in those treated 
with the dieldrin dust or Diazinon. In untreated 
privies, the media generally remained of a semi 
liquid consistency and were infested with /. 
illucens. 

Because the destruction of the Hermetia infes 
tation by the dieldrin treatment produced, 
through its solidifying or drying effect, a media 
more suitable for house fly breeding, consideration 
was given to this factor as a possible cause of the 
increased breeding in treated privies. Late in 1956, 


TABLE 5 
Average numver of Musea domestica per privy from 


treated and untreated privies in 1956 


Dieldrin 


Diazinon |, 
om, |Untreated 


rrapping Period 
emulsiont 


Dust* |(Emulsiont 


8 /6-8/24 26 60 
9/10-10/4 23 79 


200 mg/sq ft 9 privies. 
50 mg/sq ft 10 privies. 
1000 mg/sq ft 10 privies. 
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two privies were constructed with 1-foot layers 
of rock (3/4”) in the pits to facilitate drainage. 
After approximately 1 month of use, one privy 
(with the riser under fly-tight conditions) was 
seeded with 108,000 house fly eggs while the 
second was left open for natural infestation. Dur 
ing the December trapping period, a total of 
11,425 house flies emerged from the seeded privy 
and 2,212 house flies from the naturally infested 
privy. Thus, greater house fly production in pit 
privies was obtained without chemical treatment. 


1957 STUDIES 


In 1957, studies with “drained” privies of the 
type previously described were expanded. Trap 
collections during February from 17 “drained” 
privies showed an average emergence of 421 
house flies/privy as compared with an average of 
12 flies/privy from nine standard type units 
(Table 6). A rapid decline in house fly emergence 
from these drained privies was noted, however, 
in April, June, August, and September (average 
69, 43, 12, and 18/privy, respectively). Observa 
that the content of the 


“drained” privies began increasing during April 


tions showed water 
and May. By June, complete clogging of the 
drainage field had occurred, and the water con 
tent became similar to that of the ‘‘undrained”’ 
privies, and //. illucens infestations appeared. The 
November trapping from the six untreated 
“drained” privies showed an average of 71 house 
flies/privy. This increase was associated with the 
observations that both the moisture content of 
privy excrement and Hermetia activity during 
the fall and winter months were lower than dur 
ing the summer. 

In mid-July, several “drained” privies were 


treated with either a dieldrin emulsion (100 mg 


TABLE 6 
Musca 


‘‘undrained”’ privies, Savannah, 


Lv rage number oJ domestica from 


‘*drained”’ and 
Georgia, 1957. Number of privies in parentheses 


Trapping period ‘drained ‘undrained 

1/29-2/2 $21 (17 

3/22-4/22 69 (17) 

6/14 2 43 (16)* 

7 /29-8 /2: 12 (6)* 
* Water content and H 

similar to that of an undrained privy 


illucens infestation now 
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TABLE 7 
House fly. production from untreated privies and 
privies treated with dieldrin dust 
or emulsion 1957 
Average 


number of 
flies/ privy 


site Number 
Trapping we f 
: o 
perioc 


Treatment 
privies 


5 Dieldrin emulsion* 325 
5 Dieldrin dustt 171 
i) None 12 
2 Dieldrin emulsion 388 
>? 


Dieldrin dust 1093 
6 None Is 


* 100 mg/sq ft. 

t 200 mg/sq ft. 
sq ft) or a dieldrin dust (200 mg /sq ft). Imme 
diate increases in house fly production occurred 
with each type of treatment (Table 7). The 
addition of water and/or H. illucens larvae to six 
of the treated privies failed to reduce the house 
fly production.* Observations showed that the 
introduced Hermetia larvae presumably were 
killed by the previous dieldrin treatments. The 
addition of (without the action of H. 
illucens larvae) had little or no effect. 


water 


In September, all of the medium was removed 
from two undrained privies and approximately 
50° removed from two other privies. To each 
of the latter privies one application of 20 gallons 
of sawdust was added. The initial trapping, which 
was made one month later, showed an average 
emergence of 223 and 386 house flies per privy, 
respectively, from these two pairs of privies. How 
ever, reduced emergence was noted in the Novem 
ber collections from these privies. 


1958 STUDIES 


In 1958, compartmented privies were evaluated 
with respect to the effect of drainage, of adding 
sawdust to the media, or of fresh excrement on 
house fly production. The data obtained were less 
specific than in 1957, principally because of a 
lower level of house fly prevalence in 1958, as 
well as the failure of the modification of the 
privies to maintain the specific conditions of 
moisture in the privy pits. In two attempts, 
metal drums were utilized for regulating the 
moisture contents within the privies, but those 
set up to maintain the excreta under semisolid 


* The house fly V ields were 1881, 719, 1154, 423. 
14, and 427 specimens per privy. 
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conditions permitted water to accumulate. Thus, 
the results were similar to those of 1957 (Table 
6, 3rd trapping period) when a similar condition 
prevailed. 

In three compartmented privies, sawdust added 
to one side resulted in an average of 22 house 
flies/privy in the modified halves. The adjoining 
halves without sawdust averaged one house fly, 
privy. However, one of the 3 privies failed to 
yield any ./. domestica in either compartment. 

In a series of compartmented privies (involving 
3 to6 privies) the excreta were removed from one 
half. The other half remained unmolested. Re 
sults from the initial trapping in July showed an 
average of 356 house flies per compartment for 
the “cleaned” side versus an average of 9 speci 
mens per compartment for the adjoining half. 
Similar handling of 6 privies for August indicated 
the average numbers of flies per compartment as 
179 and 27 for the “cleaned” and “unmolested” 
structures respectively. Of the 6 “unmolested” 
compartments, two yielded 97% of the 163 flies 
captured. Conditions within each of these com 
partments were somewhat dryer than normal. In 
2 of the 6 privies, the “cleaned”? compartments 
did not show any increase in house fly production 
over the “unmolested”’ sides. 

In two compartmented privies, a layer of dirt 
(1 ft) was added to the excreta in one side in early 
September. House fly production from these com 
partments in September and November averaged 
312 and 337 specimens versus 15 and 154 from 
the compartments without such dirt cover. 


DISCUSSION 


The data from these field studies indicate that 
the increase in house fly production from privies 
treated with dieldrin and related pesticides is 
associated with H. illucens breeding and the con 
sistency of the excreta. Under normal conditions, 
the presence ol H. illucens larvae in human ex 
creta, combined with the water in the privy pit, 
produces and maintains a medium which is semi 
liquid or liquid to the extent that the house fly is 
unable to survive in its developmental stages. 
This latter observation is based on the fact that 
house fly egg implants in untreated privies pro 
duced only one-tenth of the number of adults 
emerging from treated privies. It is obvious from 
the untreated 
that only a small percentage of the flies produced 


extensive samplings of privies 


is 1. domestica 
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Fletcher, Major, and Cable (1956) in studies 
in south Georgia also reported little success with 
egg implants in untreated privies. These workers 
suggested that the H. illucens might be detri- 
mental to house fly survival, but after rearing the 
two species in commercial house fly breeding 
media under competitive conditions, they con- 
cluded that H. illucens larvae did not inhibit 7. 
domestica development. Similar tests by Kilpa- 
trick and Schoof (1956) showed that H. illucens 
was not predaceous on house fly larvae and that 
its presence in the medium did not affect ad 
versely the development of ./. domestica. 

The application of certain pesticides such as 
dieldrin, aldrin, chlordane, and BHC leads to an 
increase in house fly production, whereas other 
(DDT, malathion, and Diazinon) 
usually exert little or reduced influence on the 
M. domestica breeding. In general, the latter 
treatments resulted in only a minor and/or un 
sustained reduction of //. illucens breeding, 
application of dieldrin and_ related 
pesticides were highly effective for extended 
periods against the soldier flies. Such control of 
H. illucens breeding results in a reduction of the 
water content of the excreta so that the medium 
changes from a 


chemicals 


whereas 


“soupy” consistency to a semi 
solid state, the latter condition being favorable 
for house fly breeding. 


It has been apparent that an untreated privy 
occasionally can produce M. domestica in num 


bers, but such production is associated with 
privies that have only a minor amount of H. 
illucens breeding, or are ones in which the con 
tents are kept from becoming excessively moist 
by drainage and/or by addition of paper or other 
absorbent material. However, privies of the 
above type represent only a minority of those in 
general use in Georgia. 

In the initial phases of these privy studies, the 
question arose as to whether or not resistance to 
dieldrin was a prime factor responsible for the in 
creased house fly production. Thus, were the 
dieldrin-resistant flies markedly different in their 
behavior or biotic potential from susceptible 17. 
domestica? That such was not the case became 
apparent when untreated privies in an area with 
a population of dieldrin-resistant 17. domestica 
failed to show any increase in house fly produc 
tion, even though adjacent treated privies pro 
increased numbers. The 


duced failure of egg 
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implants to succeed in untreated privies further 
negated a behavior change. 

Nonetheless, resistance to the pesticides which 
are highly effective against H. illucens (dieldrin, 
BHC, etc.) is a definite factor in the interrelation 
ship which exists among .V. domestica, H. illucens, 
and the water condition of the pit contents. Thus, 
the treatment of a privy* with dieldrin eliminates 
the soldier fly infestation present at the time of 
treatment and also prevents reinfestation by that 
species during the ensuing months. Presumably, 
this condition is a result of the toxicity of the 
dieldrin application to both larvae and adults of 
H. illucens. On the other hand, the dieldrin 
resistant ./. domestica are not materially affected 
by the pesticide in the excreta or on the wall sur 
faces. With a medium dry enough for its develop 
ment, the house fly then is able to survive and 
develop in great numbers. Thus, the increased 
house fly production is due to a change in the 
environment rather than a chemical stimulation 
of‘the biotic potential of the species. 

Since untreated privies are a poor source of 
\/. domestica production, the detection of the 
factors responsible for the increase in house fly 
breeding in treated privies in no way modifies the 
recommendation (Kilpatrick and Schoof, 1956) 


that chemical treatment of privies for house fly 


control should be avoided. Moreover, the influence 
of the condition of the breeding medium on house 
fly production suggests a possible approach to fly 
control by the manipulation of the water content 
of the medium. 


SUMMARY 


Biological studies conducted on house fly breed 
ing in privies in Chatham County, Georgia, dur 
ing the period 1955-58, have indicated that: 

1. Inuntreated privies, few usca domestica are 
produced, but treatment of privies with dieldrin, 
BHC, or chlordane greatly increased the house 
fly production therein. DDT, 


malathion, and 


* In certain tests, treatment of privy walls and 
not pit contents has resulted in increased house 
fly production. Observations indicate that this 
limited application does cause mortality of the 
Hermetia larvae in the excreta 
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Diazinon showed little or no effect on M. domes- 
tica propagation. 

2. Implants of eggs from resistant house fly 
strains in treated privies produced 16 to 258 times 
as many adults as did similar implants in un 
treated privies. 

3. Untreated privies were characterized by 
heavy infestations of the soldier fly, Hermetia 
illucens, and by semiliquid excreta. In contrast, 
treated privies showed few H. illucens larvae and 
the media were of a semisolid nature. 

4. Manipulation of the water content of the 
media by drainage or the addition of sawdust or 
dirt caused an increase in house fly breeding 
similar to that achieved by dieldrin treatments. 

5. The increased house fly production in treated 
privies is a result of a change in the physical 
consistency of the human excreta brought about 
by the reduction of H. illucens breeding which 
had been instrumental in maintaining the media 
in a semiliquid condition. House fly resistance 
plays a definite role in the phenomenon, by per 
mitting this species to survive contact with toxi 
cants which are highly lethal to H. illucens. No 
evidence was found to show that the resistance 
influenced or stimulated the biotic potential of 
M. domestica. 


ACKNOWLEDGMENT 


The extent of these studies was in large part 
due to the excellent assistance provided to the 
authors by Mr. Fred Freeman and Mr. Bernard 
O. Smith, who helped in preparing the study 
structures and collecting the fly samples. 


REFERENCES 

Fiercuer, 0. K., Jr., Masor, J., aNp CaBLe, R. 
1956. Studies on fly breeding in sanitary pit 
privies in south Georgia. Am. J. Trop. Med. & 
Hyg. 6: 562-72. 

Kinpatrick, J. W., ann BoGug, M. D. 1956. 
Adult fly production from garbage can sites 
and privy pits in the lower Rio Grande Valley. 
Am. J. Trop. Med. & Hyg. 5: 331-9. 

KitpatTrick, J. W., aNp Scuoor, H. F. 1956. Fly 
production in treated and untreated privies. 
Pub. Health Rpts. 71: 787-96. 

Scnuoor, H. F., anv Siverty, R. E. 1954. Privies 
as a source of fly production in an urban area. 


Am. J. Trop. Med. & Hyg. 3: 930-35 





A NEW RECORD OF HUMAN INFECTION WITH DIPYLIDIUM 
CANINUM IN THE UNITED STATES 


W. F. HUTCHISON,* H. C. RICKS, Sr., ann DOROTHY 8. WOOLDRIDGEt 


As far as we know eight human infections with 
Dipylidium caninum have been reported in the 
literature from the United States. One of these 
was from Minnesota (Riley, 1910), one from 
Georgia (Sunkes and Sellers, 1937), three from 
New Orleans (Faust, 1949), and three from Texas 
(Chandler, 1955). 

As human infection with this parasite appears 
to be so uncommon in the United States, the 
authors wish to record the finding of one new case 
in Montgomery County, Mississippi in a five- 
year-old white female. A routine examination of 
a stool specimen, which was sent to the State 
Board of Health Laboratories in Jackson, Mis 
sissippi, revealed typical proglottids of Dipy 
lidium caninum. Stool specimens obtained after 
treatment with Atabrine contained five strobilae 
of D. caninum. 

When first seen by her family physician, the 
patient’s symptoms included nervousness, pallor, 


loss of weight, and vague abdominal pain. After 


treatment with Atabrine and the passage of the 
worms, these symptoms disappeared entirely, and 
the child’s physical condition improved markedly. 


* Department of Preventive Medicine, Univer 
sity ol Mississippi School of Medicine, Jackson, 
Mississippi 

t Mississippi State Board of Health Labora- 
tories, Jackson, Mississippi 


Questioning by the public health nurse revealed 
that the family had kept two dogs belonging to a 
neighbor for a period of 2 months prior to the 
discovery of the child’s infection. The parents 
stated that the child played with the dogs con 
stantly and that she still habitually sucked her 
thumb and put her fingers into her mouth, thus 
increasing the possibility of accidentally ingesting 
an infected flea. Examinations of stools from the 
dogs were negative, but on further questioning it 
was discovered that they had been given anthel- 
mintic treatment after the child’s infection was 
discovered. 


SUMMARY 


The first case of human infection with the 
double-pored dog tapeworm, Dipylidium caninum, 
in Mississippi is reported. This appears to be the 
ninth human infection to be recorded from the 
United States. 
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GUAROA VIRUS, A NEW AGENT ISOLATED IN COLOMBIA, SOUTH AMERICA 


HERNANDO GROOT*, AKIRO OYA,t CARLOS BERNALT 


In this paper the details of the isolation of a new 
virus from the blood of apparently healthy people 
living in Guaroa, Colombia, is reported. 

Locality and history of virus isolation. Guaroa is 
a new settlement (latitude 3°51'36” N longitude 
73°29'57” W.,) located approximately 50 miles 
southeast of Villavicencio on the eastern plains 
(“Llanos”) of Colombia in the Orinoco River 
basin. The altitude is 400 meters (1,310 feet) 
above sea level, the annual precipitation is ap 
proximately 4,000 millimeters (160 inches); and 
the mean annual temperature is about 25°C. The 
place is situated at the edge of a large natural 
savannah in the vicinity of a stretch of tropical 
rain forest which extends along the Guamal River 
(gallery forest). In August, 1955 a few farmers 
began to settle in this area attracted by the fertil 
ity of the soil; three months later, a garrison of 
50 soldiers was established. By May, 1956 the 
total population was about 200. 

Most of the engaged in 
agricultural work clearing the jungle along the 


inhabitants were 
river in order to plant maize. The soldiers also 
did some work in the forest, but in general with 
less intensity than the civilians. 

On May I1th and 12th, 1956 one of us (CB) 
visited Guaroa to investigate a report that several 
cases of a rather severe fever had occurred in the 
area. Upon arrival, however, nobody was found 
who complained of being sick. Nevertheless, it 
was decided to bleed some of the residents in 
order to attempt to isolate a virus. This decision 
was made on the remote chance that some of the 
people might be either in the incubation period 
or suffering from an asymptomatic virus infection, 
or, in spite of not complaining of being sick, might 
actually have mild fever without being aware of 
it. The temperature of the donors was not taken. 


These individuals were at that time very heavily 


exposed to mosquito bites. After a long dry sea 
son, the rainy season had started six weeks before 
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tFrom the Instituto ‘Roberto 
Villavicencio, Colombia. 


Franco’’, 


604 


ND PABLO BARRETO-REYESt 
our visit and the density of mosquitoes in the 
forest, which is usually low during the dry season, 
had already become very high. 

Routine blood thick films were also obtained. 
Malaria parasites were found in 8 out of 120 
individuals. 

Blood samples were drawn from 128 persons, 
i.e., from more than half of the inhabitants, and 
taken under refrigeration to the laboratory in 
Villavicencio serum 
from the clot and divided into two portions. One 


where each was removed 
portion was kept in Villavicencio to be inoculated 
into mice. The other was shipped to Bogota for 
the same purpose and for immunological studies. 
From 6 of 119 sera inoculated, a virus was iso 
lated. 

Details of virus isolation. Each of 50 sera was 
inoculated into two groups of five mice aged 1 to 3 
days, one group in the Villavicencio laboratory 
and the other in the Bogota laboratory. From 
three of these sera, a virus was isolated in both 
laboratories. Each of an additional 69 sera was 
inoculated only into one group of mice 1 to 3 days 
old in Villavicencio. From three of these sera, 
a virus was isolated. Later, it was possible to 
re-isolate the virus from the original sera in all 
six cases, in Villavicencio as well as in Bogota. As 
will be shown later, it was possible to do neutra 
lization tests with paired sera from four of the 
six individuals who showed viremia, using one of 
the isolated strains. The paired sera consisted of 
those from which virus was isolated and speci 
mens obtained one month later. In all cases, the 
first specimen gave negative results whereas the 
neutralizing The 
paired sera were tested simultaneously in mice, 


second showed antibodies. 
by the intracerebral route, using a virus dosage 
of 200 mouse LDyw. These facts leave no doubt 
that the viruses were actually isolated from the 
human sera, 

The sera from which attempts at isolation of 
virus were made were taken from: 44 soldiers; 
37 adult male civilians; 13 male children; 24 
adult female civilians; and one female child. Vi 
ruses were isolated from four of the soldiers, from 
one of the adult male civilians, and from one of 
adult female civilians. 
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TABLE 1 
Results of cross-neutralization tests by the intra 
cerebral route between strains of virus numbers 
35211 and 35336 and sera from immune rhesus 
monkeys 


Serum 


35336 


3.0 
<2.0 
<2.0 


Normal rhesus serum 
Serum 35211 immune 
Serum 35336 immune <i 


* Reciprocal of the logarithm of the 50 per cent 
mortality endpoint 


Immunological characterization of the virus. Two 
of the strains, numbers 35211 and 35336, have 
been studied extensively and appear to be similar 
on the basis of the immunological reactions and 
experimental infections they induce in laboratory 
animals. Their relationship is 
shown in Table 1 in which the capacity of immune 


immunological 


sera to neutralize each of the corresponding virus 
strains is compared. In these tests, tenfold dilu- 
tions of virus were mixed with equal volumes of 
serum. Following incubation at 37°C for one hour, 
the inoculated in 
tracerebrally into groups of six adult white mice. 


serum-virus mixtures were 
The immune sera were obtained from two rhesus 
monkeys 36 days after subcutaneous inoculation 
with the respective viruses. The normal sera used 
were the pre-inoculation sera of the respective 
monkeys. 

The from the Guaroa 
(strains 35211 and 35336) was not neutralized by 
yellow fever, dengue type 2, strain Tr 1751 
(Anderson et al., 1956), Ilheus, or by Venezuelan 


virus isolated cases 


equine encephalitis (VEE) immune sera. Hyper 


immune and immune prepared in mice, 
guinea pigs and monkeys with the viruses 35211 


and 35336 did not contain demonstrable neutral- 


sera 


izing antibodies for yellow fever, dengue (Tr 1751), 
Ilheus, Anopheles A, 


These immune and hyperimmune sera did not 


or Anopheles B viruses. 


contain hemagglutination inhibition (HI) anti 
bodies for VEE, yellow fever, dengue (Tr 1751), 
or Ilheus antigens. 

As the preceeding observations showed that 
strains 35211 and 35336 were similar, subsequent 
studies on immunological characterization were 
carried out with one strain only, 35211. This work 
was done by one of the authors (A.0.); since the 
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result of these studies indicated that the new 
strain was a distinct virus, it will be referred to 
hereafter as Guaroa virus. 

The characterization of this agent was done 
mainly by HI and to a lesser extent by comple- 
ment-fixation (CF) tests; the methods used for 
HI (Clarke and Casals, 1958) and CF (Casals et 
al., 1951) have been described. In general outline, 
the investigation consisted in testing Guaroa im- 
mune sera prepared in the Bogoté laboratory 
against a number of arthropod-borne (arbor) 
virus antigens; and conversely, known immune 
sera against several arbor viruses were tested for 
their capacity to react with Guaroa virus. 

Hemagglutination and HI. Although no antigen 
could be prepared by acetone-ether extraction of 
infected newborn mouse brain tissue, this material 
yielded an active preparation either by extraction 
with borate-saline buffer at pH 9.0 or, preferably, 
by acetone precipitation of an emulsion in a solu 
tion of sucrose. The latter method, which was 
used routinely in this study, gave an antigen 
which agglutinated goose red blood cells equally 
well at 4, 22 and 37°C within a pH range from 
5.7 to 6.2; for HI tests, the antigen was used at 
pH 6.0 and held at 22°C after the addition of red 
cells. It is to be stressed here that each of the 


several lots of antigen prepared were of low po 
tency, with titers between 1:20 and 1:80. 
Studies by HI showed that a known Guaroa 
immune monkey serum failed to react with from 
4-8 units of the following antigens: Mayaro, VEE, 
eastern, and western equine encephalitis 


group 
A viruses; yellow fever (Asibi), St. Louis ence 
phalitis, dengue type 2 (Tr 1751), and Ilheus 
group B viruses; Apeu, Marituba, and Oriboca 
group C viruses; and Bunyamwera. 
Hemagglutination-inhibition tests 
carried out with immune sera prepared by the 


were also 
repeated inoculation of mice; these sera were 
known to complement-fixing antibodies 
against their homologous antigens. Since the 
preceeding tests had failed to demonstrate any 


have 


positive reactivity between Guaroa virus immune 
sera and antigens or viruses in groups A, B and C, 
it seemed reasonable to assume that Guaroa vi 
rus did not belong in any of the three groups. 
Hence, in HI tests with Guaroa virus antigens, 
immune sera to viruses not in these three groups 
were mainly used. 

Immune sera to the following viruses were in- 
cluded in a test with Guaroa virus antigen: Amm 
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2549, Be An 73, Be An 277, Be H 151, Bunyam- 
wera, Bwamba, California encephalitis (BFS 
283), Colorado tick fever, Eg Ar 492, Eg Ar 1095, 
Eg Ar 1152, Guaroa, IG 1424, Rift Valley fever, 
Sandfly fever (Naples), Sandfly fever (Sicilian), 
SA T Ar 136, SA T Ar 344, Simbu, Tr 3587, Tr 
8900, Tr 9760, Turlock (781-19), and Wyeomyia.* 
In this particular test, Guaroa virus antigen was 
used at dilution 1:16 which was equivalent to 
two units; this low amount of antigen may be 
the reason why a certain degree of what are con- 
sidered to be nonspecific reactions occurred. Thus, 
four of the above sera inhibited in a dilution of 
1:10 and one in a dilution of 1:20; of the re- 
maining 19 sera, only two showed any inhibition 
which could be considered significant, namely, 
the homologous serum at a dilution of 1:640 and 
California encephalitis virus serum at a dilution 
of 1:80. 

Additional HI tests were carried out in an 
attempt to study further the relationship which 
the previous experiment indicated to exist be- 
tween Guaroa and California encephalitis viruses. 
This investigation was hampered by the fact that 
which could be 
prepared with either virus were active only at 
very low titers. The pertinent results of several HI 
tests are given in Table 2. 

In Table 2 is shown that two different lots of 
California immune serum inhibited agglutination 
by four units of Guaroa antigen at titers of 1:80 


the sucrose-acetone antigens 


and 1:40 respectively. On the other hand, one 
sample of Guaroa immune serum having a homol 
ogous titer of 1:640 failed to inhibit agglutination 
by two units of California encephalitis virus anti 
gen. 

Complement fixation. The immunological rela 
between and California 
encephalitis viruses was next investigated by 


tionship Guaroa 


complement fixation test. 

In a test, antigens prepared by acetone-ether 
extraction were used in serial twofold dilutions 
beginning at 1:2, and sera also in serial twofold 
dilutions beginning at 1:4 in box titrations. Two 
Guaroa virus immune sera, one a monkey con 


* Several viruses in this list appear under a 
laboratory designation rather than a name. The 
authors responsible for the isolation of these, as 
vet, unnamed arbor viruses are Dr. Ottis R. 
Causey, for the Be series; Dr. Richard M. Taylor, 
for the Eg series; Dr. Telford H. Work for the 
IG virus; Dr. Kenneth C. Smithburn for the SA 
series; and Drs. Wilbur G. Downs and C. R. 
Anderson for the Tr series. 
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TABLE 2 


Cross-reactions between Guaroa and California 
encephalitis viruses by hemagglutination 


inhibition 


Antigen* 
Serum Mouse Immune 
Guaroa California 
1:640 Ot 
1:80 1:640 
1:40 


Guaroa 
California, lot 1 
California, lot 2 


*Guaroa antigen used at dilution 1:10, which 
was equivalent to 4 units; California encephalitis 
virus antigen at dilution 1:2.5, equivalent to 2 
units. 

+0 indicates no reaction at dilution of serum 
1:40, lowest used. 


TABLE 3 
Complement-fization test with Guaroa and 
California encephalitis viruses* 


Serum 


Cali 


Antigen . 
fornia 


Guaroa 


Monkey Mouse Mouse 
32/128 
0/0 


128/64 
0/0 


0/0 
16/16 


Guaroa 
California encephalitis 


* See text for explanation. 


valescent serum and the other one a mouse hyper 
immune serum, and a California encephalitis virus 


mouse hyperimmune serum were tested against 
each antigen as well as against a normal tissue 
antigen with the result shown in Table 3. 

Table 3 shows that the two Guaroa virus im 
mune sera which had homologous titers of 1:32 
and 1:128 respectively, failed to react with a 
California encephalitis virus antigen; and that a 
California virus immune serum with an homolo 
gous titer of 1:16 also showed no cross reaction. 
In this test, furthermore, the titer of the Guaroa 
antigen was 1:128 with the monkey serum and 
and 1:64 with the mouse serum—probably not a 
significant difference; the titer of the California 
virus antigen was 1:6. Although not shown in the 
table, none of the three sera reacted with the 
normal mouse brain tissue control antigen. 

Filterability Guaroa virus is 
readily filterable and passes freely through E. K. 
Seitz filters at 10 pounds pressure. (Titer of 


and _ stability. 
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unfiltered mouse brain suspension 10-**; titer 
after filtration 10-**.) The virus keeps well at 
—70°C, but not at 
tion well. 


—20°C. It stands lyophiliza- 


Experimental infections in laboratory animals. 
Guaroa virus as found in human serum infects 
baby mice by the intracerebral route; we have 
not inoculated adult mice with the original in 
fected human serum. The virus produces a fatal 
infection in both infant and adult mice by the 
intracerebral inoculation. Infant, but not adult, 
mice are susceptible to the subcutaneous route 
of inoculation. Adult mice inoculated intracere- 
brally with 10° mouse brain suspensions (2nd 
and 3rd passages) become sick between the 4th 
and the 6th day after inoculation, first showing 
roughness of the coat and later paralysis of the 
limbs; they die between the 5th and the 8th 
day. In baby mice inoculated with mouse brain 
suspension, death occurs somewhat earlier, be 
tween the 3rd and the 5th day. The baby mice 
inoculated with human sera from which the virus 
was isolated, died between the 6th and the 9th 
day. 

In serial intracerebral passages in baby mice, 
the usuai titers of the virus in the brain are 10-°° 

10-** per 0.03 ml; when the passages are made 
in adult mice, the brain titers are somewhat lower. 
The brain titers of the first five serial passages in 
adult ranged from 10-48-10 4 with 
strain 35211, and from 10°? to 10-*° with strain 
35336. 

Guaroa virus is able to infect 


mice 


Vacaca mulatta. 
Two normal rhesus monkeys inoculated by the 
subcutaneous (0.2 ml.) and intradermal routes 
(0.05 ml), with original human sera from which 
the virus was isolated (35211 and 35336), showed 
viremia from the second to the 8th day after 
inoculation. However, the titer of the circulating 
virus was very low; in the monkey inoculated with 
virus strain 35211, the highest titer observed was 
on the 5th day with 121 LD» (baby mouse) per 
0.03 ml of serum; in the monkey innoculated with 
strain 35336, the highest titer observed was also 
on the 5th day with 113 LD» (baby mouse) per 
0.03 ml. On the 2nd, 3rd and 8th days after 
inoculation, only traces could be demonstrated 
in the blood serum of both animals. The two 
monkeys developed neutralizing antibodies to 
Guaroa virus, but neither developed fever nor 
any clinical disease. 

Two normal lotus 


trivirgatus monkeys 


607 


(durukulis) and two yellow fever immune . 
mulatta were inoculated intracerebrally with 0.2 
ml of a mouse brain suspension of Guaroa virus 
(Sth passage). It was not possible to determine 
with precision whether or not these monkeys 
developed viremia. A few of the baby mice inocu- 
lated with sera taken daily from the monkeys 
(between the 2nd and the 11th day after inocula- 
tion) died, but it was impossible to be sure about 
the cause of death. However, if these deaths were 
due to circulating virus, it was present in only 
trace amounts. We have assumed that the im- 
munity for yellow fever exhibited by the two 
M. mulatta inoculated intracerebrally did not 
interfere with the development of Guaroa virus 


infections, since this virus was originally isolated 
from six individuals already immune to yellow 


fever, as stated later. One of the rhesus monkeys 
inoculated intracerebrally developed marked 
paralysis of both legs 14 days after inoculation 
which persisted for month; the animal 
eventually recovered completely. The other three 
monkeys did not show any signs of disease. 

Six guinea pigs inoculated intracerebrally with 
a mouse brain suspension of the virus did not 


one 


show any signs of disease. 

Natural infection of man. The available infor- 
mation is limited, based only on the observation 
of five of the six persons from whom a virus was 
isolated. These five individuals were apparently 
infected with the same virus. The viruses isolated 
from two cases (35211 and 35336) were thoroughly 
studied and found to be immunologically similar. 
The remaining three viruses have not yet been 
completely studied, but there was an immunolog 
ical conversion, demonstrated by neutralization 
tests, when the sera which yielded the viruses and 
the sera taken one month later were tested against 
one strain of the thoroughly studied strains 
(35211). A similar conversion was observed in 
one (35336) of the first two cases; in the other 
(35211), it was impossible to submit the ‘‘acute”’ 
serum to neutralization test, but the “convales 
cent” serum gave positive results. It was not 
possible to observe the sixth individual or to ob 
tain a second blood sample from him. 

The technique followed for the neutralization 
tests was the following: equal amounts of the 
serum to be tested and a dilution of virus estimated 
to contain 100 LD were mixed and incubated 
at 37°C for one hour. The sera were previously 
inactivated at 56°C for 30 minutes. The mixture 
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TABLE 4 


Guaroa virus: analysis by age and sex of neutralization tests performed on human serum specimens collected 


from 69 civilian residents of Guaroa 


Male 


op 
> Pos 


and Inc 


Incon 
clusive 


Age Group 
years 


Positive Total 
5-9 . j 3 33 
10-14 > i 75 
15-19 : 80 
20-29 . j 75 


30-4 : 27 89 


Total 


then 
into eight 


was inoculated intracerebrally (0.03 ml.) 
adult The test 


dilution of the virus was made in 50 per cent 


Swiss albino mice. 
fresh normal guinea pig serum diluted with saline 
in order to provide the “accessory serum factor.” 
The mice were observed for 14 days. The inter 
pretation of the results of the test were made 
according to the guide proposed by Sawyer and 
Lioyd (1931). 

As far 
four of the observed persons did not complain of 


as clinical symptoms are concerned, 
being sick during the month following the bleed 
ing which yielded the virus. The remaining one 
had a mild febrile illness lasting two days which 
started on the second day after bleeding. The 
true nature of this illness was not elucidated; it 
is perfectly possible, however, that it could have 
been due to the virus infection. Malaria parasites 
were not found in these individuals. 

It is of interest that the six persons infected 
with virus were already immune to yellow fever, 
as demonstrated by neutralization tests on the 
serum specimens from which the virus was isolated. 
We can conclude, therefore, that the presence 
of neutralizing antibodies for yellow fever did not 
prevent the circulation of Guaroa virus in the 
blood of these persons. 
virus widespread in 


CGuaroa appears to be 


CGuaroa. Of 110 sera from residents in this area 
which were submitted to neutralization tests with 
strain 35211, 48, or 43.65), gave positive results 
26, or 23.6%, 


clusive results (partial protection) 


gave incon 
The 
dosage used was 113 LD yw. The 26 inconclusive 
test 
20 LD.» of virus, gave the following results: 19 


(total protection) an 
virus 


sera, when retested in a weaker against 


pe sitives and 7 still inconclusive. The sera studied 


Incon % Pos 


Positive 
| lusive 


Female Al! 


% Pos 


Grand | , P 
‘os 
and Inc 


Tr c Pos . 
Total » Po total 


and In 


33 33 
56 78 
67 67 
57 69 


44 SS 


49 


test were obtained from 41 


soldiers and from 69 civilians. The soldiers, age 


by neutralization 


18 to 22, had lived in the area for 2 to 6 months 
In this group, there were 14 positives (34.2%) 
and 8 inconclusives. The results of the neutraliza 
tion tests performed on the sera of the 69 civilians 
who had been living in Guaroa from 2 to 10 
months are presented in Table 4 which shows a 
total of 49°; positives. An analysis of the data 
does not reveal significant differences in the per 
centages of positives with reference to age, sex or 
occupation. 

The large proportion of sera showing partial 
protection when tested against 113 LD. of virus 
is surprising. The majority of these sera, how 
ever, were fully protective when tested with 
smaller amounts of virus. Assuming that these 
sera had specific homologous antibody, the in 
ference is that in about 23 per cent of the people 
bled, the concentration of antibody in the blood 
was very low. One might speculate that thees 
individuals had been infected very recently and 


that they were bled before antibodies had fully 


developed. This is likely as there is no doubt that 
the virus was active at the time of the bleeding. 
Furthermore, in three out of nine individuals who 
were negative by neutralization tests in the first 
bleeding on May 11th, antibodies were observed 
| month later. This is highly suggestive that 
these persons became infected sometime during 
the period between the two bleedings, which 
would mean that the virus continued to be active 
after May 11th. 


SUMMARY 


A virus was isolated from the blood of 6 out of 
119 persons living in Guaroa, eastern Columbia 
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The locality is a recent settement situated at the 


edge of a natural savannah in the vicinity of a 


stretch of tropical rain forest. There is evidence 
that the agent isolated was the same in five of 
these persons. Serological studies showed that this 
agent was not identical with any of the 36 differ- 
ent anthropod-borne viruses with which it was 
compared, nor, in view of the known cross rela- 
tionships among members of a group, could any 
evidence be found indicating that the virus be- 
longs in groups A, B, or C. Our serological studies 
indicate that the virus is not related to Anoph- 
eles A, Anopheles B, 
clusion derived from the immunological studies 


and Wyeomyia. The con- 


indicated that this was a new agent, to which 
the name Guaroa was given 

A distant found 
Guaroa and California encephalitis virus; this 


relationship was between 
very slight overlap was detected by HI, but not 
by CF, and in one direction only. Although 
California immune sera inhibited a Guaroa anti 
gen, Guaroa sera failed to inhibit a California 
antigen. Additional studies are clearly indicated 
to elucidate this crossing. 

Guaroa virus is pathogenic for white mice, re 
gardless of age, when inoculated by the intracere 
bral route. When the subcutaneous route is used, 
it produces fatal infections in baby mice, but not 
in adults. Two rhesus monkeys inoculated sub 
cutaneously and intradermally with the human 
sera from which the viruses were isolated, showed 
viremia and immunological conversion, but none 
developed fever or any clinical disease. 


Guaroa virus was isolated irom persons who, 
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at the time of the bleeding, did not complain of 
being sick. Four of these individuals apparently 
continued to enjoy good health during the month 
following the isolation of the virus. One person 
had a mild febrile illness lasting two days which 
started on the second day after the bleeding. It 
was not possible to continue the study of the sixth 
individual. 

A large proportion of residents of Guaroa 
was found to have neutralizing antibodies for 
Guaroa virus, which indicates that the agent was 
very prevalent there. 
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ization, 1958, £1, $4.00, Sw.Fr. 12. 

Skin Diseases in the African, by G. H. V. Clarke, 
M.A. (Cantab), M.B.B.8., A.R.L.C. Ist edi 
tion, 172 + viii pages, ill. London, H. K. Lewis 
& Co., Ltd., 1959. £4.4.0d. 

Cancer: A Worldwide 
for the Committee on Gov’t Opinions, U. 8. 


Team in 


Venace, by various authors 
Senate. 40 + xi pages, ill. Washington, D. C., 
Gov't Printing Office, Washington, D. C., 
1959. $0.40. 

Annals of the Institute of Tropical Medicine. Spec. 

No. Dedicated to the VI Int’l Congresses of 

Trop. Med. and Malar. (in Portuguese and 

English), by various authors. Vol. 15, Suppl. 
1, 510 pages, ill. Lisbon, Institute of Tropical 
Medicine, 1959. 

Elementary Statistics, by Frederick C. Croxton, 
Ph.D. Ist edition, 376 pages, ill. New York, 
Dover Publications Inc., 1959. $1.95 

A Way of Life, by Alfred White Franklin. Ist edi 
tion, 278 pages, ill. New York, Dover Publi 
cations Inc., 1959. $1.50. 
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and ecology of tropical and sub-tropical regions 
the 
authors point out that tropical pediatric problems 


serve to maintain and influence disease, 
are essentially similar to those in temperate zones, 
but are modified and often augmented by poverty, 
ignorance, low economic and hygienic standards, 
and by cultural attitudes and practices which 
though sometimes beneficial or at least neutral in 
certain settings, are ofttimes undesirable. Thus 
this work in essence deals with diseases of children 
in technically underdeveloped areas. 

In elucidating the problems of clinical diagnosis 
and of child care in tropical areas the two main 


authors are assisted by over seventy experts. The 
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names of many are well known to anyone reason 
ably familiar with tropical medical problems, all 
have had extensive tropical experience, and the 
majority are currently living and working in 
tropical areas. Thus all can and do write authori- 
tatively and well from wide knowledge and an 
intimate involvement in tropical pediatric prob 
lems. This multiplicity of authorship contributes 
greatly to the value of the book, but results in a 
degree of variability in emphasis and approach 
which makes a concise but adequate review some 
what difficult. It is neither a text book in the 
ordinary sense nor an advanced reference work 
and is admittedly written with the assumption 
that readers will have access to basic and special- 
ized works on pediatrics and tropical medicine. 
To the tropical disease specialist, some important 
aspects of tropical medicine may seem to have 
been covered only superficially or even omitted 
while others might wish for more basic information 
on general and tropical pediatrics. However, more 
detailed coverage is hardly possible in a treatise 
limited to about 900 
pages and dealing with most common pediatric 
problems. 


by over seventy authors 


A person with considerable experience in 
tropical and subtropical countries may regard as 
commonplace much of the material on economic, 
social, and cultural patterns but one who expects 
to work in such areas or is being newly exposed 
thereto, will acquire a great deal of valuable back 
ground information. The book should be equally 
valuable to undergraduate and postgraduate 
medical students in the tropics to whom no other 
work of this type is now available and who are 
too often taught from textbooks written in and for 
technically more advanced areas. 

The authors have succeeded admirably in giving 
a clear over-all picture of conditions in the tropics 
which influence child health, and in covering 
comprehensively but detail 
practically all of the childhood diseases which are 


without excessive 
of special importance in tropical areas. There is 
at present no other single book which covers this 
important field and it can be recommended highly 
to students and pediatricians in the tropics, to 
practitioners and scientists from temperate zones 
who are interested in learning more about child 
hood disease in the tropics, and to the local prac- 
titioner working with day-to-day tropical pedi 
atric problems. 

The volume is rather expensive but paper and 
printing are of high quality and it contains nearly 
200 well with a 
special interest in health problems in technically 
underdeveloped 


chosen illustrations. Anyone 
areas and especially those who 


have been bitten by the “tropical bug’’ will derive 
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a good deal of pleasure and profit from reading and 
owning this book. 
RicHMoND K. ANDERSON 


Preventive Medicine in World War II. Volume IV. 
Communicable Diseases Transmitted Chiefly 
through Respiratory and Alimentary Tracts, 
by J. B. Coarss, Jr. Cou. M. C., E. C. Horr, 
Pu.D., M. D. anv P. M. Horr, M. A., editors. 
544 pages illustrated. Washington, D.C., Office 
of the Surgeon General, Dept. of the Army, 
1958. $5.50. 

The volume is the first of several which present 
the problems of prevention and control of com 
municable diseases in the Army in World War II, 
including both domestic and foreign areas. It is 
obvious that disease control of large numbers of 


troops in the U.S. and its possessions is one matter, 
but the complexities raised by differences and 
variations in diseases encountered, and sanitary 


measures and regulations found in many foreign 
countries raised the difficulties to a magnitude 
heretofore not encountered. There were, therefore, 
deficiencies as well as notable successes. Both are 
found in the perspectives of the diseases con- 
sidered in this volume. 

There are three parts to the book and 21 able 
contributors are responsible for a part, for one or 
more chapters, or both. The first part deals with 
general considerations and contains interesting 
data applicable to communicable and infectious 
diseases which are of significance in military 
operations and practice. In addition, internation 
ally quarantinable diseases are discussed and a 
section on achievements and challenges concludes 
the part. Thus the stage is set for the next two 
parts which deal seriatim with diseases trans 
mitted chiefly through the respiratory tract and 
those transmitted chiefly through the alimentary 
tract. Part Two is subdivided into diseases caused 
by viruses, bacteria and fungi in that order, while 
in Part Three the division is by group infection 
such as Diarrhea, Dysentery, Food Poisoning and 
Bacterial and Parasitic infections. The classifi 
cations of chapters may appear arbitrary but it is 
difficult to classify to everyone’s satisfaction. 

The individual disease sections are variable in 
length, largely dependent upon the importance of 
the disease and its control. In some instances, one 
would wish for more information, but it is really 
surprising to find so much for some diseases of 
greater importance. To aid the reader, there are 
four illustrations, 91 tables and 41 charts. The 
index of 25 pages, double column, lists authors and 
subject matter together and appears satisfactory. 

This volume in the Preventive Medicine Series 
contains so much material and covers so many 
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that reviewing is difficult. The reader 
must browse in this book to appreciate and under 


diseases 


stand the tremendous strides that have been made 
in promoting the health of the Army under the 
trying training 
and field activity in domestic and foreign areas 


circumstances of mobilization, 
during wartime. 
FRANKLIN H. Top 


Handbook of Toxicology. Volume III. Insecti- 
cides, A Compendium by Wiiuiam OO. 
NEGHERBON. Prepared under the direction of 
the Committee on the Handbook of Biological 
Data, Division of Biology and 
The National Academy of The 
National Research Council, 854 pages. Phila 
delphia, W. B. Saunders Company, 1959, $14.00. 
This compendium is exactly what it claims to 


Agriculture, 
Sciences, 


be—a brief, comprehensive summary or abstract. 
Although invaluable for 
reference, it is in no way suitable for continuous 


It is not a review or text 


reading. The book contains 188 sections of varying 
length; 164 of them deal with specific compounds 
while the other 24 deal with the following general 
topies: Antibiotics and Antimetabolites; Arsenic 
and Arsenicals; Bees and Other Beneficial Insects 
vs. Insecticides; Carbamates and Carbamic Acid 
Esters as Insecticides; Clothing Impregnants vs 
Chiggers; Coal Tar Dyes; Cytochrome Oxidase; 
Dinitrophenols; Fluorine, Fluorides, Fluosilicates, 
and Fluoaluminates; Insecticidal Fumigants; 
Insecticide Sprays and Droplet Behavior; Miti 
cides; Mosquito Larvae and Body Lice Insecticide 
Tests; Organic Phosphorus Insecticides; Organic 
Thiocyanates and Thiocyanoacetates ; Oviposition 
Musca Phytotoxicity; 


Plants which are Insecticidal; Repellents; Re 


Inhibitors for domestica; 


sistance; Synergists and Synergism; Svstemic 


Insecticides; Temperature and __ Insecticidal 


Action; Termites vs. Repellents and Insecticides 


In addition, the introduction contains concise 


definitions of terms dealing with the testing of 
insecticides. Almost all of the book is composed of 
information in tabular or outline form. Insofar as 
is appropriate, individual compounds are treated 


under the following headings: General (including 


history, synonyms, physical and chemical proper 


ties, and summary of advantages and disad 


vantages); Toxicity for higher animals (including 


toxicity for wild life); Pharmacological, pharma 
codynamic, and physiological effects on higher 


animals (ineluding absorption, distribution, 


storage, excretion, site of action, and sympto 


matology); Phytotoxicity (including effect on soil 


organisms and stability in the soil); Residues; 
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Toxicity 
cluding effect on beneficial insects); Pharmaco 
logical, 
effects on insects (including the same general 


for insects and other arthropods (in 


pharmacodynamic, and_ physiological 
considerations as those for mammals and also an 
outline of the effect of physical dispersion, temper- 
ature, and genetic strain); and Field experience 
in the control of insects. There are a number of 
tables comparing the action of several compounds 
and such tables are purposely repeated with little 
change under the section for each compound. This 
greatly increases the length of the book, but makes 
it more convenient for reference. 

Although the book covers the toxicity of insecti 
cides to mammals, plants and insects, emphasis 
is placed on insects. This may reflect the distri 
bution of available literature. 

The book is based on 3404 alphabetized refer- 
ences plus a few others listed in addenda to differ 
ent sections. The main body of references includes 
1957. 
published as late as February 1958 appear in the 
text. 


papers published through March Papers 


The book is provided with an index of common 
arthropod and _ plant 
species referred to and a separate index of the 


and scientific names of 
chemical, generic, and certain commercial names 
of pesticidal compounds. The indexing and general 
arrangement of the book make it easy to use for 
reference and its careful documentation makes it 
possible for the reader to extend his study of any 
particular point. The book covers compounds 
which were important at the time of writing. The 
fact that many compounds are omitted is not a 
serious handicap. More significant is the fact that 
the book is not a review. Lack of bias has been 
carried to the point that some apparently contra 
included 
to evaluate or 


dictory statements are without any 


editorial comment relate them. 


Review papers are sometimes cited as original 
sources. Not all subjects are covered adequately, 


even to the date of preparation. For example, 


reference is made to early papers recording signifi 
cant pathology in the brains of mammals dosed 
with DDT, but no reference is made to the more 
work of Globus (Trans 
Ass. 73, 202-208, 1958, and J. 
418-431, 1948), which revealed no 


thorough and critical 
Amer. Neurol. 
Neuropath. 7, 
such pathology. 

Appropriate emphasis has been placed on 
insects of public health importance. For this and 
the many other advantages mentioned above, the 
compendium is recommended to those concerned 
with insect vector control. 


WayYLANp J. Hayes, Jr. 
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The Journal welcomes papers which contribute to the yuspees of the American Society of 
Tropical Medicine and Hygiene. This is the advancement of knowledge of tropical and sub- 
tropical medicine and hygiene through investigation, prevention, treatment and control of 
diseases and deficiencies. It draws upon medicine, biology, public health, nursing, enginoering 
and allied fields of research and application. 


The American Journal of Tropical Medicine and Hygiene combines the American Journal 
of Tropical Medicine and the Journal of the National aria Society and therefore has a 
special concern with the investigation, therapy and control of malaria in all parts of the world, 
as well as a broad interest in general parasitology and arthropod-borne diseases. 
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Publication will be facilitated if the following suggestions are followed: 
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2. The author should supply, ona te sheet, a short title not over 50 letters for use 
the authors’ and ; 
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erences; 
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3. Legends should be separate and not attached to, or written on, the illustration copy. 


4. Positions for tables and figures in the text may be indicated on the margin of the 
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6. Tables should be typed on separate sheets and be serially numbered in Arabic numer- 
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es and photographs should be protected with cardboard to avoid 


7. Fi ones) the 
mails. Only glossy prints can be used. Line drawings and should be made with India 
ink and submitted on white (not cross-section) paper. Colored illustrations can be repro- 
duced only at the expense of the author. 
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ical arrangement. References should be written as follows: 
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9. Proprietary names of drugs or chemicals registered by commercial pharmaceutical 
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10. The address to which proofs are to be sent should be indicated at the top of the 
first page of the manuscript. Delay will result if proofs must be forwarded. 
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